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Quarter Ending June 30, 2016 

Hanford Facility RCRA Permit Modification Notification Form 
Unit: Permit Part 

PCN-HFSW-2016-04 

Page 2 of 3 

N/A 
Standard and General Conditions 

Description of Modification: 
Unit Status Table (page 12, first row under "Unit'') 

Changes are needed to convey the removal of 331-C requirements from the Permit. Language is added to show 
that 331-C requirements are being retired from Permit Revision Sc and to identify the date of closure (July 22, 
2011 (11-NWP-076). 

Chapter 3.0, Tables 3.1 and 3.3 Class 1 Class 11 Class 2 Class 3 
Please mark the Modification Class: X 

Per WAC 173-303-830(4)(d), the Permittee requests that this modification be reviewed and approved 
as a Class 1-prime. 

The Permittees have completed closure activities following the approved Closure Plan (Addendum H). 
Ecology accepted the Independent Qualified Registered Professional Engineer certification of Clean 
Closure on July 22, 2011 (11-NWP-076). 

This modification is the final step in removing the 331-C Storage Unif from the Permit. A public 
comment period wa& held from May 1 to October 22, 2012. No outstanding issues or comments were 
received. 

The 331-C storage unit RCRA closure was integrated with the 300 Area CERCLA removal action, 
which was accomplished by demolition of the building, to include the floor slab in any below grade 
structures (e.g., containment sumps), in August 2013. The 331-C Storage unit was demolished via 
CERCLA removal in accordance with the Removal Action Work Plan for The River Corridor General 
Decommissioning Activities, DOE/RL-2010-34, Rev. 0. 

Modification Approved: Yes D No (state reason for denial) 

Reason for denial: 

Date 

1 Class I modifications requiring prior Agency approval. 
2 If the proposed modification does not match any modification listed in WAC 173-303-830 Appendix I, then the proposed modification should 
automatically be given a Class 3 status. This status may be maintained by the Department of Ecology, or down graded to a Class I I, 
if appropriate. · 



Quarter Ending June 30, 2016 

Hanford Facility RCRA Per~it Modification Notification Form 
Unit: Permit Part 

PCN-HFSW-2016-04 

Page 3 of 3 

N/A 
Standard and General Conditions 

Description of Modification: 
Page 46, line 36 

Changes are needed to convey the removal of 331-C requirements from the Permit. 

WAC 173-303-830 Modification Class Class 1 Class 1 Class 2 Class 3 
Please mark the Modification Class: X 

Per WAC 173-303-830(4)(d), the Permittee requests that this modification be reviewed and approved 
as a Class 1-prime. 

The Permittees have completed closure activities following the approved Closure Plan (Addendum H). 
Ecology accepted the Independent Qualified Registered Professional Engineer certification of Clean 
Closure on July 22, 2011 (11-NWP-076). 

This modification is the final step in removing the 331-C Storage Unit from the Permit. A public 
comment period was held from May 1 to October 22, 2012. No outstanding issues or comments were 
received. 

The 331-C storage unit RCRA closure was integrated with the 300 Area CERCLA removal action, 
which was accomplished by demolition of the building, to include the floor slab in any below grade 
structures (e.g., containment sumps), in August 2013. The 331-C Storage unit was demolished via 
CERCLA removal in accordance with the Removal Action Work Plan for The River Corridor General 
Decommissioning Activities, DOE/RL-2010-34, Rev. 0. 

Modification Approved: ~ Yes D No (state reason for denial) 
Reason for denial: 

1 Class I modifications requiring prior Agency approval. 
2 If the proposed modification does not match any modification listed in WAC 173-303-830 Appendix r, then the proposed modification should 
automatically be given a Class 3 status. This status may be maintained by the Department of Ecology, or down graded to a Class 11, 
if appropriate. 



Quarter Ending June 30, 2016 PCN-HFSW-2016-04 

Remove and Replace the Following Pages: 

Remove and replace the following pages: 

• Conditions.12 
• Conditions.46. 



WA 7890008967 

Part I Standard and Part II General Facility Conditions 

Permit Revision 
UNIT Comments/History 

Incorporated Retired 

331-C Storage Unit Rev. 88 Rev. RC Closed, 7/22/11 

400 Area Waste Management Unit Rev. SC 

PART IV, CORRECTIVE ACTION 

100-NR-1 Operable Unit Rev. 6 

I 00-NR-2 Operable Unit Rev. 6 Rev.SC Retired, 9/30/09 

PART V, UNDERGOING CLOSURE UNITS 

100-D Ponds Rev.5 Rcv.6 Closed, 8/9/99 

I 05 DR Large Sodium Fire Pacility Rev. 2 Rev. 6 Closed, 7/1/04 

1301-N Liquid Waste Disposal Facility Rev. 5 

1324-N Surface Impoundment Rev. 5 

1324-NA Percolation Pond Rev. 5 

1325-N Liquid Waste Disposal Facility Rev. 5 

200 West Arca Ash Pit Demo Site Rev. l Rev.6 Closed, 11/28/95 

2101-M Pond Rev. l Rev. 6 Closed, 11/28/95 

216-B-3 Expan·sion Ponds Rev. I Rev. 6 Closed, 7/31/95 

218-E-8 Borrow Demolition Site Rev. I Rev. 6 Closed, 11/28/95 

2727-S Storage Facility Rev. 0 Rev. 6 Closed, 7/31/95 

300 Arca Solvent Evaporator Rev. 0 Rev. 6 Closed, 7/31/95 

300 Area Waste Acid Treatment System Rev. 6 Rev. 8B Closed, l/21/05 

303-K Storage Facility Rev. 4 Rev. 6 Closed, 7/22/02 

304 Concretion Facility Rev. 2 Rev. 6 Closed, 1/21/96 

311 Tanks (includes 300 Area WATS) Rev. 6 Rev. 7 Closed, 5/20/02 

3718-F Alkali Metal Treatment /Storage Rev. 3 Rev. 6 Closed, 8/4/98 

4843 Alkali Metal Storage Facility Rev. 3 Rev. 6 Closed, 4/14/97 

Hanford Patrol Academy Demo Site Rev. 2 Rev. 6 Closed, I 1/28/95 

Simulated High Level Waste Slurry Rev. I Rev.6 Closed, 9/6/95 

PFP Treatment Unit (HA-20MB) Rev. 8B Rev. 8B Closed, 2/8/05 

241-Z Treatment and Storage Tanks Rev. 8B Rev. BB Closed, 2/22/07 

303-M Oxide Facility Rev. 88 Rev. 8B Closed, 6/15/06 

224-T Transuranic Waste Storage and 
Rev. 8C Rev.SC Closed, 11/12/08 

Assay Facility 

Conditions.12 

- -----



WA 7890008967 
Part I Standard and Part II General Facility Conditions 

1 11.Z.1.b The proposed method of treatment, storage or disposal is that practicable method 
currently available to the Permittee, which minimizes the present and future threat to 
human health and the environment. 

2 
3 

4 11.Z.2 The Permittee will maintain each such certification of waste minimization in the 
operating record as required by Permit Condition 11.1.1. 5 

6 II.AA Air Emission Standards for Process Vents 

7 
8 
9 

JO 
11 
12 
13 
14 
15 
16 

The Permittees will comply with applicable requirements of WAC 173-303-690 for 
process vents associated with Part III units performing specific separations processes 
unless exempted by WAC 173-303-690( I )(d). Threshold limits applied to process vents 
potentially requiring emission controls subject to WAC 173-303-690 are evaluated based 
on the summation of applicable emission sources for the entire Hanford Facility. When 
the summed emissions fall below threshold limits in 40 CFR 264.1032(a)(l), no emission 
control devices are required. If threshold limits in 40 CFR 264.1032(a)( I) are predicted 
to be exceeded, the Permittees will notify Ecology to determine the appropriate course of 
action. Unit-specific information is contained in Part Ill of the Permit for applicable 
units. 

17 II.BB Air Emission Standards for Equipment Leaks 

18 
19 
20 
21 
22 
23 

The Permittees will comply with applicable requirements of WAC 173-303-691 for 
certain equipment leaks associated with Part III units unless exempted by 
WAC 173-303~69 I (I )(e) or (f). Air emission standards apply to equipment that contacts 
or contains hazardous wastes with organic concentrations of at least IO percent by 
weight. Unit-specific information is contained in Part III of the Permit for applicable 
units. 

24 II.CC Air Emission Standards for Tanks, Surface Impoundments, and Containers 

The Permittees shall comply with applicable requirements of WAC 173-303-692 for 
containers, tanks, and surface impoundment areas associated with Part III units unless 
exempted by WAC 173-303-692( I )(b ). Unit-specific information is contained in Part 111 
of the Permit for applicable units. 

25 
26 
27 
28 

29 PART Ill UNIT-SPECIFIC CONDITIONS FOR FINAL STATUS OPERATIONS 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Operating Unit 2, PUREX Storage Tunnels 

Operating Unit 3, Liquid Effluent Retention Facility and 200 Area Effluent Treatment Facility 

Operating Unit 4, 242-A Evaporator 

Operating Unit 5, 325 Hazardous Waste Treatment Units 

Operating Unit 10, Waste Treatment and Immobilization Plant 

Operating Unit 11, Integrated Disposal Facility 

Of)ernling Unit 15,331 C Storuge Unit 

Operating Unit 16,400 Area Waste Management Unit 

PART IV UNIT SPECIFIC CONDITIONS FOR CORRECTIVE ACTION 

Corrective Action Unit I, 100-NR-l 

40 PART V UNIT-SPECIFIC CONDITIONS FOR UNITS UNDERGOING CLOSURE 

41 Closure Unit I, 1325-N Liquid Waste Disposal Facility 
Conditions.46 



Quarter Ending June 30, 2016 

Index 

Page 2 of 2 

Hanford Facility RCRA Permit Modification Notification Forms 

Attachment 3 (Security) 

Section 3.1.3 

~/4r 
Date 

PCN•HFSW-2016·05 

Page 1 of 2 

~ 
Date 



Quarter Ending June 30, 2016 

Hanford Facility RCRA Permit Modification Notification Form 
Unit: 

N/A 

Description of Modification: 
Section 3.1.3 (page 3.6) 

Permit Part 

Attachment 3 

Changes are needed to convey the removal of 331-C requirements from the Permit. 

PCN-HFSW-2016-05 

Page 2 of 2 

Chapter 3.0, Tables 3.1 and 3.3 Class 1 Class 11 Class 2 Class 3 
Please mark the Modification Class: X 

Per WAC 173-303-830(4)(d), the Permittee requests that this modification be reviewed and approved 
as a Class 1-prime. 

The Permittees have completed closure activities following the approved Closure Plan (Addendum H). 
Ecology accepted the Independent Qualified Registered Professional Engineer certification of Clean 
Closure on July 22, 2011 (11-NWP-076). 

This modification is the final step in removing the 331-C Storage Unit from the Permit. A public 
comment period was held from May 1 to October 22, 2012. No outstanding issues or comments were 
received. 

The 331-C storage unit RCRA closure was integrated with the 300 Area CERCLA removal action, 
which was accomplished by demolition of the building, to include the floor slab in any below grade 
structures (e.g., containment sumps), in August 2013. The 331-C Storage unit was demolished via 
CERCLA removal in accordance with the Removal Action Work Plan for The River Corridor General 
Decommissioning Activities, DOE/RL-2010-34, Rev. O. 

Modification Approved: Yes D No (state reason for denial) 

Reason tor denial: 

Date 

1 Class I modifications requiring prior Agency approval. 
2 If the proposed modification does not match any modification listed in WAC 173-303-830 Appendix I, then the proposed modification should 
automatically be given a Class 3 status. This status may be maintained by the Department of Ecology, or down graded to a Class' I, 
if appropriate. 



Quarter Ending June 30, 2016 PCN-HFSW-2016-05 

Remove and Replace the Following Pages: 

Remove and replace Attachment 3, page 3.6. 



3.1.3 Natural or Artlflclal Barriers 

WA 7890008967 
Security 

2 The majority of TSD units and unit groups are located within the controlled access area of the Hanford 
3 Site. Vehicular access to roads leading to the controlled area is through 24-hour controlled access points 
4 at the Wye, Yakima, and Rattlesnake barricades. The barricades are posted with restrictive signage to 
5 meet security requirements at the Hanford Facility level for the 100 Areas, 200 Areas, and 600 Area TSD 
6 units and unit groups. Perimeter fences, restrictive signage, and random protective force patrols are used 
7 to control access to the 300 Area and 400 Area. Additional means to bar entry or co11trol access 
8 (e.g., fences, locked entry doors) are discussed, as necessary.,_-for 331 C 8ternge UHit, the 325 Hazardous 
9 Waste Management Unit, and .!ill;_ 400 Area Waste Management Unit in their unit specific Permit 

IO conditions. 

I I The Hanford Facility level security systems are also in place to satisfy the security requirements of 
12 WAC 173-303-3 10(2)(c), (artificial or natural barriers). 

Attachment 3.6 
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PCN-HFSW-2016-06 

Page 1 of 2 

Date 



Quarter Ending June 30, 2016 

Hanford Facility RCRA Permit Modification Notification Form 
Unit: 

N/A 

Description of Modification: 
Page 9.11 

Permit Part 

Attachment 9 

Changes are needed to convey the removal of 331-C requirements from the Permit. 

PCN-HFSW-2016-06 

Page 2 of 2 

Chapter 3.0, Tables 3.1 and 3.3 Class 1 Class 11 Class 2 Class 3 
Please mark the Modification Class: X 
Per WAC 173-303-830(4)(d}, the Permittee requests that this modification be reviewed and approved 
as a Class 1-prime. 

The Permittees have completed closure activities following the approved Closure Plan (Addendum H). 
Ecology accepted the Independent Qualified Registered Professional Engineer certification of Clean 
Closure on July 22, 2011 (11-NWP-076). 

This modification is the final step in removing the 331-C Storage Unit from the Permit. A public 
comment period was held from May 1 to October 22, 2012. No outstanding issues or comments were 
received. · 

The 331-C storage unit RCRA closure was integrated with the 300 Area CERCLA removal action, 
which was accomplished by demolition of the building, to include the floor slab in any below grade 
structures (e.g., containment sumps), in August 2013. The 331 -C Storage unit was demolished via 
CERCLA removal in accordance with the Removal Action Work Plan for The River Corridor General 
Decommissioning Activities, DOE/RL-2010-34, Rev. 0. 

Modification Approved: Yes D No (state reason for denial) 

Reason for denial: 

Date 

1 Class I modifications requiring prior Agency approval. 
2 If the proposed modification does not match any modification listed in WAC 173-303-830 Appendix I, then the proposed modification should 
automatically be given a Class 3 status. This status may be maintained by the Department of Ecology, or down graded to a Class I I, 
if appropriate. 



Quarter Ending June 30, 2016 PCN-HFSW-2016-06 

Remove and Replace the Following Pages: 

Remove and replace Attachment 9, page 9.11 . 

J 



PART Ill 

WA 7890008967 
Permit Applicability Matrix 

CONDITION CATEGORY QUALIFIERS 
PART TITLE A B C D E F G 

III. UNIT SPECIFIC CONDITIONS FOR FINAL 
STATUS OPERATIONS 

lll.2 PUREX Storage Tunnels * 
III.3 Liquid Effluent Retention Facility & 

* 200 Area Effluent Treatment Facility 

lll.4 242-A Evaporator * 
111.5 325 Hazardous Waste Treatment Units * 
III.JO Waste Treatment and Immobilization Plimt * 
III.I I Integrated Disposal Facility * 
~ ~lernge Unil .t. 

III.16 400 Area Waste Management Unil * 
PART IV 

IV. UNIT SPECIFIC CONDITIONS FOR 
CORRECTIVE ACTION 

IV.I 100-NR-1 * * 
PARTV 

v. UNIT SPECIFIC CONDITIONS FOR UNITS 
UNDERGOING CLOSURE 

V.I 1325-N Liquid Waste Disposal Facility * 
V.2 1301-N Liquid Waste Disposal Facility * 
V.3 1324-N Surface Impounclment & 1324-NA Surface 

* Impounclment 

PART VI 

VI. UNIT SPECIFIC CONDITIONS FOR UNITS IN 
POST CLOSURE 

VI.I 300 Area Process Trenches * 
VI.2 183-H Solar Evaporation Basins * 

CATEGORIES ARE DEFINED AS FOLLOWS: 
A. Leased Land E. TSO Unit Closures (Part V) 
B. North Slope and ALE F. TSD Operating Units (Part Ill) 
C. Interim Status TSO Units G. TSO Units in Post Closure/Modified Closure (Part VI) 
D. Areas Between TSDs (excludin A and B) 

*Condi tion applies to this category, as modified by appl icable footnotes and qualifiers . 

Attachment 9.11 



Quarter Ending June 30, 2016 

PCN-LERF/ETF-2015-02 

Page 1 of 12 

Index 

Page 
Page 2 of 12: 

Page 3 of 12: 

Page 4 of 12: 

Page 5 of 12: 

Page 6 of 12: 

Page 7 of 12: 

Page 8 of 12: 

Page 9 of 12: 

Page 10 of 12: 

Page 11 of 12: 

Page 12 of 12: 

Hanford Facility RCRA Permit Change Notice 

Part Ill, Operating Unit Group 3 

Liquid Effluent Retention Facility & 200 Area Effluent Treatment Facility 

Permit Section 
Part III, Operating Unit Group 3, Permit Conditions 

Addendum A, Part A Form 

Addendum B, Waste Analysis Plan (I of 2) 

Addendum B, Waste Analysis Plan (2 of2) 

Addendum C, Process Information (1 of 3) 

Addendum C, Process Information (2 of 3) 

Addendum C, Process Information (3 of 3) 

Addendum F, Preparedness and Prevention 

Addendum H, Closure Plan 

Addendum I, Inspection Plan 

Addendum J, Contingency Plan 

Reviewed by DOE-ORP Program Office: 

'/7 
/4omas W. Fletcher Date 



Quarter Ending June 30, 2016 

PCN-LE RF /ETF-2015-02 

Page 2 of 12 

Hanford Facility RCRA Permit Change Notice 
Unit: 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Description of Modification: 

Part Ill, Operating Unit Group 3 Permit Conditions: 

Permit Part 

Part Ill, Operating Unit Group 3 

• Unit Description: Updated Wa hington State Waste Di charge Permit Number ST0004500 to 2014, and added hyperlink to 
pem1it and added hyperlink to 200 Area ETF Deli ting. 

• Updated the List of Addenda Specific to Operating Unit Group 3: 

Addendum A Part A Fonn, dated Marsh 31 , 201 eJune 30, 2016 

Addendum B Wa te Analy i Plan, dated Jti:fle 30 2015 June 30. 2016 

Addendum C 

AddendumD 

Addendum E 

Addendum F 

Addendum G 

AddendumH 

Addendum! 

Addendum J 

Proces Information dated Deoember 31 , 2G I 4June 30. 2016 

Groundwater Monitoring, approved ApriJ 29, 2014 

Security Requirements dated June 30, 2011 

Preparedne and Prevention, dated A~ril & 20l4June 30. 2016 

Per onnel Training, dated June 30, 2015 

Clo ure Plan dated JW1e 30, 201 !Jun 30, 2016 

inspection Requirements, dated April & 2014 June 30, 2016 

Contingency Plan, dated Juee 3Q, 2Ql5 June 30, 2016 

• Permit Condition III .3.A. l : Deleted "and Chapters" because there are no Chapters. 

• Pennit Condition 111.3 .B.2: Corrected referenced Permit Condition III.3 .B. l . 

• Permit Condition Ill.3.B.3.b: Corrected referenced to Figure C.2 and C.3. 

• Permit Condition ill.3.B.7.c and Permit Condition lll.3 .B.10: Updated Di charge Permit Number ST0004500. 

• Permit Condition Ill.3.C.3: Corrected referenced Permit Condition W.3.C.2 

• Pem1it Condition Ill .3.C.4: Corrected referenced Permit Condition IIl.3.C.2 

• Permit Condition IIl .3.O.1.a. l : Corrected referenced Permit Condition II.I. l . 

• Permit Condition Ill.3.O.2.a: Corrected referenced Section C.3.2 . 

• Pemtit Condition lli .3.O.2.d: Corrected referenced Sections C.3.1 and C.3.4.6. 

• Permit Condition Ill.3.O.2.f: Corrected referenced Section C.3.4.5. 

• Permit Condition Ill.3.P. I.a: Corrected referenced Section C.4. 1.5 . 

• Permit Condition IIl.3.P.2.b: Corrected referenced Section C.4.4.2. 

• Permit Condition IIl.3.P.2.c: Corrected referenced Section C.4.5. 

• Permit Condition III .3.Q.2: Corrected referenced Section 1.1 .2.3 .1. 

WAC 173-303-830 Modification Class Class 1 Class 11 Class 2 Class 3 
Please mark the Modification Class: X 
Enter relevant WAC 173-303-830, Appendix I Modification citation number: A.1 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Administrative and informational changes. 

Modification Approved: 

Reason for denial: 
~Yes D No (state reason for denial} Reviewed by Ecology: 

Date 



Quarter Ending June 30, 2016 

Unit: 

Hanford Facility RCRA Permit Change Notice 
Permit Part 

PCN-LERF/ETF-2015-02 

Page 3 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 

Addendum A, Part A Form: 

• Header: Editorial updated header, Revi ion 4 to Revision 4A, and updated date. 

• Section III, ame of Facility : Changed "US" to "U.S." 

• Section IV Faci lity Location: Deleted "825 Jadwin', and inserted ' Refer to Permit Attachment 2, Hanford Facility Permit Lega l 
De cription". Inserted " ear'' before Richland and deleted zip code '99352". 

• Section IV.D Facility Exi tence Date: Revi ed Hanford facili ty exi tence date to " I 1/ 19/1980" rather than "03/02/ 1943". 

• Section VII.A, Name/Phone umber: Updated ame, inserted "dangerou waste management unit ", and updated "Co-Operator 
Phone umber to '(509) 372-9974". 

• Section VII.C, Does the name in VII.A reflect a proposed change in operator: Deleted ' o-Operator• change'' and corre ponding 
date. 

• Section YUi.A Facility Owner lnformation ari'le: Inserted "U.S. Department of Energy" and deleted "Kevin W. Smith Facil ity 
Property Owner' . 

• Section fX, AICS Codes: Revised Al S code to u e 6-digit code (56221 I) and deleted AlCS code that do not apply to LERF 
and 200 Area ETF operations (54 171, and 924110). 

• Section X Other _Environmental Permits: Updated ection to reflect current environmental permits. 

• Section XI ature of Bu ine s: Updated reference to Wa hington State Wa te Di charge Permit (ST0004500) corrected naming of 
200 Area Final Delisting naming of unit. Deleted .. , 8 927 liter per day" and inserted ' listed in Section XII" because the process 
design capacity for treatment of waste in containers (T04) i identi tied in ection XII. inserted text from Section 

• Section XIV, De cription of Dangerous Wa te 

Format, start ing on page 6 of IO to 10 of I 0, removed hard page returns to re tore table header. Re taring the header changed the 
in formation that resides on page 6 to the end of the Part A. 

Con i tency combined TOI Oine 36-70) with S02 (lines 71-105) for tank volume 106,940 41 0, and deleted TO I line 36-70. 

Consistency, for dangerous wa te that ha more than one wa te code, change the row below the fir t row for Column B, C and 
D( I) to be blank, and added ' Included with above' in Column 0 (2) for all the rows below the first row. 

• Section XIX Comment : Deleted infonnation regard ing Revi ion 3A to 4 change per Ecology direction this information is to be 
provided in the PCN Forms. 

• Section XV, Map: Revised topographic map to include 2025-ED Load-In-Station that i discussed throughout Addendum C, Process 
Information. Deleted text "Topographic map is located in the Eco logy Li brary" because a ll elements required for the topographic map 
are included in the revised Part A topographic map· as a result thi map hould be removed from the Ecology Library because the map 
is no longer needed or current. Added orth arrow and scale. 

• Section XYU, Photographs: Aerial Photo Title page 13 of 16, corrected spelling inserted updated photo and date photo was taken. 
Corrected photograph title (Page 17)-deleted "Liquid Effluent Retention Facility" because the photograph only shows 200 Area 
Effluent Treatment Facility. 

• Section XVIII, Certification : Update Co-Operator telephone number. 

• Page I 9 of 19: Inserted "This page intentionally left blank". 

WAC 173-303-830 Modification Class Class 1 Class 11 Class 2 Class 3 
Please mark the Modification Class: X 
Enter relevant WAC 173-303-830, Appendix I Modification citation number: : WAC 173-303-830(3)(d), Other Modifications 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved : 

Reason for denial: 
~Yes D No (state re~son for denial) 



Quarter Ending June 30, 2016 

Unit: 

Hanford Facility RCRA Permit Change Notice 
Permit Part 

PCN-LERF/ETF-2015-02 

Page 4 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 

Addendum 8, Waste Analysis Plan (1 of 2): 

• Table of Contents and Figure B. l: Deleted Figure B. l , and Figures from Table of Contents. Figure B. l was deleted 
because the figure is already provided in Addendum C, Figure C.3 where the systems are described. 

• Metric Conversion Chart: Fonnat, moved Metric Conversion Chart to follow Table of Contents changed page 
numbering so that B. WASTE ANALYSIS PLAN begins on Page l rather than Page 5, and regenerated table of contents. 

• Editorial - revised reference for Discharge Pennit Number ST0004500, added inline reference, updated hyperlinks, and 
deleted reference to old ST 4500 early warning values to be consistent with the revised ST0004500 permit to be 
consistent with the revised 2014 Pennit: Sections 8.1 , B.1.1 , 8.2.2, 8.2.2.1 , B.5, B.5.1 , B.5.2.2, B.5.2.3, and Table 8.4. 

• Editorial - revised reference for 200 Area ETF DeUsting and Final Delisting: Sections 8.1 .2, 8.2.2, B.2.2. l , B.2.2.1 .1, 
B.5 , B.5.1 , B.5.2.2, B.5.2.3, Tables B.2, and B.4. 

• Editorial - applied format 'para keep with next ' to bullets: Section B.2.2.3. 

• Editorial - document name/number: Sections B.1.1, and B.1.2. 

• Editorial - inserted incorporated by reference by WAC 173-303-910(3) ' after 40 CFR 261 , Appendix IX: Sections B. l , 
8.1. I , B.1.2, 8.2.2. l , 8.5.1, and Tables 8.2 and B.4. 

• Editorial - provided both standard/metric conversions: Sections 8.1. I 8.3.1 8 .5, and Tables B. I , 8.6, and B.7. 

• Editorial - spelled out table acronyms in table footnotes: Table B. l. 

• Editorial - unit/component/addendum naming and numbering: Sections B. l , B.1.1 B.2.1 .2 B.2.2, B.2.2.1 , 8.2.2.3, 
B.2.2.3 . l , B.3.1 , B.4. 1, B.4.1.l , B.4.2, 8.5.2.1 , B.6.1.2, 8.6.2, 8.6.3, 8 .7. 1.1.l , 8.7. l.2, B.7.2.l , B.7.2.4 B.7.2.6, 8 .7.3. 1, 
8.7.3.3, Table B. l and Table B.2. Section B.9 becomes 8.8 with deletion of Section B.8, References. 

• Editorial - updated references to Figures: Section B. 1.1. 

• Editorial/grammatical/sentence structure/fonnat (e.g., and, is, which, singular/plural, removed extra bullet, inserted 
period/comma/return, and hard space to keep text together): Sections B. l , 8 .1.1 , B.1.2, B.2.1.1, 8 .2.2, 8.2.2. l , B.2.2.3, 
B.2.3, 8 .2.4, 8.3. l , 8.5 , B.7.3.3 , Table B.3 , Table B.5, and Table B.7. 

WAC 173-303-830 Modification Class 

Please mark the Modification Class: 

Class 1 Class 11 

X 
Class 2 Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: : WAC 173-303-830(3)(d), Other Modifications 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved : D No (state reason for denial) 

Reason for denial: 

Date 



Quarter Ending June 30, 2016 

Unit: 

Hanford Facility RCRA Permit Change Notice 
Permit Part 

PCN-LERF/ETF-2015-02 

Page 5 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 

Addendum B, Waste Analysis Plan (2 of 2): 

• Section B.1.2 Source of Aqueous Waste: Corrected document number from "DOE/RL-92-97 'to "DOE/RL-92-72". 
Corrected Permit Condition '1.a.i" to " 11 1.3.8.7" regarding the Final Delisting for 200 Area ETF, and inse1ted 'Final' in front 
of Deli ting Petition and added hyperlink. Added "incorporated by reference by WAC 173-303-910(3 )". 

• Section B.2.2, Wa te Management Decision Process: Corrected information. Aqueous waste is not allowed under the Final 
Delisting for 200 Area ETF· a a result deleted text referring to the ST 4500 that is not applicable. 

• Corrected page numbering ( o that Section 8 begins on page 8 . 1 rather than 8.6) and regenerated table of contents. 

• Section 8.2.2 .1.2 State Waste Permit Regulations/Permit: Deleted section because the revi ed 20 14 Di charge Pennit Number 
ST0004500 no longer require monitoring constituents of concern, and deleted reference to thi Section in Section 8.2.2. l . 

• Section B.3.1 LOR Compliance at LERF: Corrected conversion error that was introduced while rounding and converting back 
and forth between gallons/ liters, using exact capacity of 2,082,000 liters (550 006 gallons). 

• Section B.5, Treated Effluent Sampling and Analysi : Corrected the volume of the verification tanks from 2,940 000 liters to 
3,025,739 liter (799,316 gallons) u ing exact capacities consistent with CHPRC ETF Engineering report which documents 
tank volume and the calculations (CHPRC-01900, Revi ion 2, June 2013). 

• Section B.8, References: Deleted reference section and replaced with inline references. Throughout Addendum 8 updated 
reference for Discharge Pennit Number ST0004500 and in erted hyperlinks to TPA Adrnini trative Record and Ecology 
web ite for these inline-referenced documents. 

• Table B.4 Rationale for Parameters to be Monitored in Treated Effluent: Modified table heading and footer updated 
T0004500 Discharge Permit Effluent Column per 2014 Permit, applied superscript on '3" after Total Metals and applied 

paragmph keep with next to keep Total Metal elements on same page .. 

• Table 8 .6, Sample and Analysi Criteria for Influent Aqueou Wa te and Treated Effluent: Inserted Standard conversion for 
metric va lues in Table footer, and updated Parameter , Analytical Method Method PQL Sen icivity, and Accuracy/Preci ion 
for Method to be consistent with ST0004500 Di charge Permit. 

• Table 8.7 Sample Container , Pre ervative Method , and Holding Time for 200 Area ETF Generated Waste: Inserted 
Standard conversion for metric values in Table footer. For con istency, inserted Footnote I 'SW 46 or EPA-600 methods are 
presented unless otherwise noted. Other methods might be substituted if the applicable PQL can be met,.' Thi footnote is the 
same as footnote I in Table 8 .6, Sample and Analysi Criteria for Influent Aqueous Waste and Treated Effluent. The footnote 
provides flexibi lity when working with off: ite laboratorie that u e equivalent analytical methods. ome of the e laboratories 
u e solid waste (SW-846) and some use water quality (EPA-600), or a combination. Renumbered existing Footnote ·. 

WAC 173-303-830 Modification Class 

Please mark the Modification Class: 

Class 1 Class 11 

X 
Class 2 Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: : WAC 173-303-830(3 )( d), Other Modifications 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved : 

Reason for denial: 
JE!Yes D No (state reason for denial} 



Quarter Ending June 30, 2016 
PCN-LERF/ETF-2015-02 

Page 6 of 12 

Hanford Facilit RCRA Permit Chan e Notice 
Unit: 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facilit 

Description of Modification: 

Addendum C, Process Information (1 of 3) : 

Permit Part 

Part Ill, Operating Unit Group 3 

• Corrected page numbering ( o that Section begin on page C. l rather than C.6) and regenerated table of content . 

• pdated Table of ontent : Regenerated the table of contents. Deletion of Figure C.4 re ulted in renumbering of Figure . 

• pdated reference to Di charge Permit umber ST0004500 to be con i tent with the revi ed 2014 Permit and added link to document: 
Section C C.2.2 and C.2.3. 

• on istency Figure references/Figure titl corrected referenced figure number : Section C.2 C.2.1 C.2 .2, C.2.3 , C.2.4, C.2.5.3, C.3 , 
.3.2 .3.4.l,C.3.4.3, C.4 C.4.3.2.2, C.5.2.1 C.5.2.1.1, C.5.2.4, C.5.2.5, .5.6, Figure C.11 , and Figure C.14. 

• on istency Section reference Section title: Sections C.2, C.2.4, C.2.5.2 C.4 C.4. l.2 C.4.3. I. I C.4.3.2.2 and C.4.5. 

• Editorial uni t/componen addendum naming: Sections , C.2, C.2 .1, C.2.2, C.2.3, .2.4 .2.5 C.2.5.1 , C.2.5.2, C.2.5.3, C.2.5.5, 
C.2.5.6 .3, C.3.2 C.3.4 C.3.4.1 , C.3.4.2, C.3.4.3, .3.4.4 .3.4.5, .3.4.6, C.4.3, C.4.1 , .4 .1.1 , C.4.1.2, C.4.1.3 C.4.1 .4 C.4. 1.5, 

.4 .2, C.4.3, C.4.3.1 , .4.3.1.1 , .4.3.1.2, C.4.3.2.1, C.4.3.2.2 C.4.4. 1, C.4.4.2 C.4.5 C.4.6, C.5.3 .5.5.2 C.6.1 , C.7.2, Table C.3, 
Table C.4, Table .5, Table C.6 Table C.7 and Table C.8. 

• Editorial tandard/metric conver ion : Section C. I, C.2, .3 C.3 .1 C.3.2 .3.4.1 C.3.4.3 .4.3 .1.1 , .4.3.1.2 C.4.3.2.2, .4.5, 
C.5, .5.2.1, C.5.2.1.1 , .5.2.1.2 C.5.2. 1.3, C.5.2. 1.4, C.5.2.1.5 .5 .2.2 , .5.2.3, C.5.2.4 C.5.3, C.5.3.1 , C.5.3 .2, C.5.4.1, C.5.4.2, 

.5.5, .5.5.1 C.5.5.2 C.5.5 .3, C.5.6 C.5.7, C.5.8, C.6.1 C.6.2 .1 C.6.2.2, C.6.2.3 , .6.3.2, Table C.5, .8, C.9, and C. l 0. 

• Editorial, document dra, ing, codes and tandard provided/corrected document title/number: ection C.3.4.1. C.3.4.2 C.3 .4.3 . 
.4.1 , .4. 1.1 , .4.1.4, C.4.1.5 .4.2 C.4.3.l C.4.3.1.1 C.5.2.1, .5.2.1.1 , .5.2.1.2 .5.2.1.3, C.5.2.1.4 .5.2.3, .5.2.4, C.5.4.1 
.5.4.2, .5.5 C.5.5.3, .5.6, .5.7, .5.8, C.6.2.2, Table .1 , Table C.2 Table .3 , and Table C.9. 

• Formatted table: Table C.1, Table C.2, Table C.3 , Table C.5, Table C.6, Table C.7 and Table .10. 

• Grammatical/Format/ entence Structure (e.g. to, the deleted/in erted hard return , hard paces, blank page, extra paces hyphens 
deleted bullet, punctuation, grammar, pelling, paragraph fonnat/keep with next, tab , and pelting): Section , C. J, .2.2, .2.4, 
C.2.5.1, C.2.5.2, .2.5.3, C.2.5.5, C.3, C.3.2 C.3.4, C.3.4.1, C.3.4.3 .4, C.4.1 .4.1.1 , C.4.1.2 C.4.1.5, C.4.3. 1.1 , .4.3 .1.2 
C.4.3 .2.2, .5.2. 1, C.5.2. 1.1 C.5.2.1.2 , .5 .2.3 C.5.2.4, C.5.3.1 , C.5 .3.3 .5.4.2 .5 .5 .5.5.1, C.5.5.2, C.5.6 C.6.1, C.6.2.l 

.6.2.2 .6.3.2 C.7.2,Table .3, TableC.7, Table .8, and Table . IO. 

• Inserted text to refer to Table C.5 for volumes and di men ion and deleted corresponding tank volumes and dimen ion : Section 
C.4.1.2 and C.4.1.3. 

• ection C.2 200 Area ETF Proce De cription: Inserted reference to Section C.3.4 for container and Section C.4. for tank 
y tern and deleted duplicate text already discu ed in tho e ection . Moved text regarding removal of liquids to Section C.3.4.2. 

Deleted 'approximately". 

• Section C.2.5.2, Ve " el Off Ga System: Capitalized ·ection title. 

• Section .2.5 .6, tilitie : Deleted "of the ETF". 

• Section .3, Container : Moved text from Sections C.3.1 and C.3.4.3 regarding maximum volume of waste that can be ·tored in 
container and deleted the infonnation from Section C.3.1 and C.3.4.3 . 1n erted "Containers at the Load-In Station are tran ferred 
into one of the Load-fa Station tanks surge tank, or directly to the LERF '. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 
X 

Class 2 Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: : WAC 173-303-830(3)(d), Other Modifications 

Enter wording of WAC 173-303-830, Appendix I Modification citation : Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved: 
Reason for denial: 

t;t::J.!es D No (state reason for denial) 



Quarter Ending June 30, 2016 

Unit: 

Hanford Facility RCRA Permit Change Notice 
Permit Part 

PCN-LERF/ETF-2015-02 

Page 7 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 
Addendum C, Process Information (2 of 3): 

• Section C.3. 1 De cription of Container: Moved text regarding maximum quantity of mixed wa te lo Section C.3 Container . 

• Section C.3.4 Containment Requirement for Managing Container : Inserted text ·'Section C.2.1 and Section C.4.3.1.2 di cu s 
econdary containment at the Load-lo Station.' 

• Section C.3.4.1, Secondary Containment Sy tern De ign: Clarified ection pertaining to "Container' secondary containment. 

• Section C.3.4.3 Containment Sy tern Capacity: Replaced ' the ETF' wi th "building 2025-E' . Moved text regarding maximum 
quantity of mixed wa te to Section C.3 Container . 

• Section C.3.4.4 Control of Run-on: Replaced "the ETF'. with " building 2025: E . 

• Section C.3.4.5 Removal of Liquid from Containment Sy terns: In erted "Additional information on removal ofliquids i 
provided in Section C.2, and ection C.4.3 .1.2.' 

• Section C.4 Tan.le Systems: inserted references to ection C.4. 1.1, Table C.5 Table C.6 Figure C.2 and Table C.7. Deleted 
'and" and ' in the 200 Area ETF' . 

• ection C.4.1.2 De ign information for Tanks Located Out ide of Building 2025-E: Removed duplicate text regarding tan.le 
volume and dimen ion , and in erted te t · Table C.5, 200 Area ETF Tan.le Sy tern Information, provide indi idual tank 
olume dimen ion and con !ruction materials for tanks located outside building 2025-E •. 

• Section C.4. 1.3, De ign information for Tanks Located Inside Building 2025-E: Removed text regarding tank volume and 
dimen ion and inserted 'Table C.5 200 Area ETF Tan.le Sy tern Information, provides individual tank olume·, dimen ion , 
and con truction material for tan.le located out ide building 2025-E. ' 

• Section C.4.3.1.1 Common element : Listed " ump tank " as eparate bullet, and corrected reference title for HPS- DC-4 .1 
Revi ion 11. 

• ection C.4.3.1 .2 pecific Containment y tem : Clarified text for Load-In Station econdary Containment and Proce Area 
econdary Containment and in ·erted tank numbers for the three Verification Tanks. Deleted urge tank capacity becau e thi 
ection addre es econdary containment capacity, and information i in Table C.5. Under Load-In Station secondary 

containment, modified text to read • The bay in the Load-In talion building i loped to channel pill or leaks from containers 
to the Load-lo tation pit. Table C.8 provide additional infom1ation on the protective coating for the concrete pad. Under 
Load-In tation 4th paragraph, deleted · The pad doe not have protective coating becau e it would experience exce i e wear 
from the vehicle traffic. · and inserted "The bay in the Load-In tation building is loped to channel pill or leaks from 
containers to the Load-in Station pit. Coated concrete urface · are provided for storage and unloading locations where pill 
and leaks could potentially occur." Under urge Tank econdary Containment updated pecificatiollS regarding the dike to u e 
exact peci fication . 

• Section C.4.3.2.2 Ancillary Equipment: Inserted "Table C.6 and C.7 as additional references to Figure C.2. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 Class 2 
X 

Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: : WAC 173-303-830(3 )( d), Other Modifications 

Enter wording of WAC 173-303-830, Appendix I Modification citation : Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved: s D No (state reason for denial) 

Reason for denial : 



Quarter Ending June 30, 2016 

PCN-LERF/ETF-2015-02 

Page 8 of 12 

Hanford Facility RCRA Permit Change Notice 
Unit: 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Description of Modification: 

Addendum C, Process Information (3 of 3): 

Permit Part 

Part Ill, Operating Unit Group 3 

• ection C.4.4.2, Overfilling Prevention: Clarified text regarding ump tank overfill and in erted infom1ation under Tank to 
addre ca e when the liquid level monitors are out-of- ervice. 

• Section C.5, Surface Impoundment : Clarified text regarding LERF ba in o erflow volume . 

• Section C.5.2. l.l , Material Specifications: In erted "pipe" in evera l places for clarity. 

• Section C.5.2.4.1 , Liner Repair During Operations: Inserted text to incorporate change made in the Cla 2 mod approved by 
Ecology 11/24/14, which was omitted during the tran ition of configuration control of the Pennit from the MSA to Ecology. 
14-AMRP-0245 (8/11 /14) available at http://pdw.hanford.gov/arpir/index.cfm/viewdoc?acce ion=0084874 
l 4-NWP-238 (11/24/ l 4) available at http://pdw.banford.gov/arpir/ index.cfm/viewdoc?acce ion= 1412031006 
15-AMRP-0034 (12/8/14) available at http://pdw.hanford.gov/arpir/index.cfm/viewdoc?acce ion=0082932h. The Clas 2 
modification inserted ' others knowledgeable in liner repair' because the liner vendor is not always available (e.g. went out of 
busine s) or not alway the be t choice ba ed on the particular need. Therefore, other qualified vendor or other uch as a 
profe ional engineer that ha adequate knowledge and experience to make recommendation in liner repairs. The criteria for 
'electing a per on or company to make liner repair recommendations is determined by the Pennittee for the LERF ba in . 
election criteria could include educational background related experience and profe iona1 qualification . 

• ection C.5.3 .1, Freeboard: Inserted "operating capacity" to clarify text and for consi tency with Section 1.1 .2.3.1, Overtopping 
Control. 

• Section C.5.3.2, Immediate Flow butoff: In erted te t to clarify that the calculation i- from the maximum operating level to 
overflow le el, and deleted the text from "(i .e., .. . to end of paragraph. 

• ection C.5.4.2, Dike tability and Protection: In erted "to" and "g-force" in e eral place for clarity. 

• ection C.5.6, Double Liner and Leak Detection Collection, and Remo al Sy tern: In erted "pipe" in two place for clarity. 

• Table C.5 200 Area ETF Tank y tem Information: Added tandard unit of mea ure, deleted the la t column becau e it is 
redundant to Column 2 corrected volume of the verification tank to u e exact tank capacitie and updated table footnote . 

• Table C.8, Concrete and Ma onry Coating : Formatted table-in erted new column for tandard unit of mea ure updated Table 
and footnote with current product that are equivalent or uperior product becau e product Ii ted are no long r manufactured. 
Updated uh-heading · to clarify locations. 

• Table C.9, Geomembrane Materia l Specifications: Corrected typograpbkal error , "pelled out acronyms in table and deleted 
table footnotes for %, g min h max, m and mm. 

• Figure C.2 Plan View of the 200 Area ETF: Updated figure to include areas referenced in text. 

• Figure C.3 2025-E Building Ground Floor Plan: Updated Figure and title to include area referenced in text. 

• Figure C.4, 200 Area ETF: Deleted Figure C.4 becau e the information i provided in Figures C.2 and C.3 · as a re ult 
Figure C.4 through C. 17 were renumbered throughout document. 

• Section C.5 and C.5 .2.3 : Updated tandard/metric conversion for accuracy; no design or capacity changes were made. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 
X 

Class 2 Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: WAC 173-303-830(3)( d), Other Modifications 

Enter wording of WAC 173-303-830, Appendix I Modification citation : Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved : 

Reason for denial: 
JtI Yes D No (state reason for denial) 
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Quarter Ending June 30, 2016 

Unit: 
Hanford Facility RCRA Permit Change Notice 

Permit Part 

PCN-LERF/ETF-2015-02 

Page 9 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 

Addendum F, Preparedness and Prevention: 

• Corrected page numbering (so that Section F begin on page F. I rather than F.5) and regenerated table of content . 

• Editorial tandard/metric conversions: ection F.1.2, F.2.2 and F.2.5. 

• Editorial hard space/hyphen pace removed extra return: Section F.1.1, and F.1.1.2 

• Editorial unit/component naming: Sections F.1.1 .3, F.2.1, F.2.3, and F.2.5 . 

• Sectjon F.2.3, Water Supplies: Fir t paragraph, replaced ' at other time with "when waste transfers are not occurring." 
Second paragraph, replaced "at other time with "when wa te proce and/or wa te tran fer operation are not occurring' . 
Made entence tructure change. 

• ection F.2.4 Equipment and Power Fai lure: Grammatical changed "effected" to "affected" , deleted "in the control room", and 
clarified text on the uninterruptible power upply. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 Class 2 Class 3 
X 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: WAC 173-303-830(3)( d), Other Modifications 

Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved: D No (state reason for denial) 

Reason for denial: 

Date 



Quarter Ending June 30, 2016 

Unit: 

Hanford Facility RCRA Permit Change Notice 
Permit Part 

PCN-LERF/ETF-2015-02 

Page 10 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 

Addendum H, Closure Plan: 

• Corrected page numbering (so that Section H begins on page H. I rather than H.5) and regenerated table of contents. 

• Corrected referenced Section/Permit Condition numbers: Sections H.3.1 , H.3.4.2 H.3.4.3, H.3.4.5, H.3.4.7, H.5.2, 
H.5 .3, and H.6. 

• Editorial hard space/hyphen: Section H.2.1 . 

• Editorial inserted hyperlink: Sections H.2 .1, H.2 .3, H.3.1, H.3.4.2, H.3.4.3, H.3.4.5 , H.3.4.7, H.5.2, and H.5.3 . 

• Editorial standard/metric conversions: Sections H.2.1 , H.3.3, H.3.4.2, and H.3.4.5. 

• Editorial unit/component naming: Section H. l 

• Editorial , documents/drawings provided document title/number: Sections H.2.3 , and H.3.4.2. 

• Section H.3 .4.2, Drainage Layer and Secondary Liner: Corrected dimensions for the thick layer of soiVbentonite to 
be consistent with the information in Addendum C, Process Information, Section C.5.2.1. 

• Section H.6, Schedule for Closure: Corrected Permit reference. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 Class 2 Class 3 
X 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: WAC 173-303-830(3)(d), Other Modifications. 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved: Yes D No (state reason for denial) 

Reason for denial: 



Quarter Ending June 30, 2016 

PCN-LERFIETF-2015-02 

Page 11 of 12 

Hanford Facility RCRA Permit Change Notice 
Unit: 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Description of Modification: 
Addendum I, Inspection Plan: 

Permit Part 

Part Ill, Operating Unit Group 3 

• Corrected page numbering ( o that Section I begin on page I. I rather than 1.5) and regenerated table of content . 
• Ed itorial, page break: In erted hard return after Section 1.1.4. 
• Editorial taadard/metric conver ion : Section 1.1 .2.3.1. 
• Editorial uni t/component naming: Section 1.1 .2.2.1 , I.1.2.2.3, and Table I. I. 
• Section 1.1.2.2.1 , 0 erfill Protection: Clarified text to be consi tent with ection C.4.4.2. 
• Section 1.1.2.2.4: Updated Section reference. 
• Section 1.1.2 .3.1 , Overtopping ontrol: 01Tected freeboard information to be con istent with information provided in 

Section .5.3.1 , and di tingui hed between operating level and operating capacity. 
• Section 1.1.2 .2.3 , Secondary Containment Leak Detector : Clarified monitoring is performed in the 200 Area ETF Control Room, and 

replaced ' at other times ' with "when processing operation or waste transfers are not occurring '. 
• Section 1.1 .2.3.3 Leak Detection: In erted text from la 2 modification Ecology approved 11/24/14, which wa omitted during the 

tran ition of configuration control of the Permit from the MSA to Ecology. Refer to 14-AMRP-0245 (8/ 11 /14) available at 
http://pdw.hanford.go /arpir/index.cfrn/viewdoc?acces ion=0084874, 14- WP-238 (11/24/ 14) available at 
http://pdw.hanford.gov/arpir/index.cfrn/viewdoc?acces ion= 1412031006, and I 5-AMRP-0034 (12/ /14) available at 
http:1/pdw.hanford.gov/arpir/index.cfm/viewdoc?acce ion=0082932h. Fonnatted numbered list for the two method ·, and in erted 
text to clarify where leak detector alarm and are monitored. Deleted "or pump operating time readings". Editorial corrected naming 
in erted ·pace and corrected naming. 

• Section I. 1.2.3.6, Container In pection: orrected ection reference. 
• ection 1.1 .3: Editorial inserted pace. 
• Section I. 1.5 Instrumentation Monitori ng: ln erted level 3 heading. Footnote text from Table 1.2 wa moved to thi ·ection and wa 

r vi cl to delete ·•of a malfunction of one or' and insert "or level indicators for Sump Tank I or Sump Tank 2 are out of service , 
in ert reference to Addendum Proces Information and replace while the facilities are in operation' with "each operating day 
(WA 173-303-640)'. The new text for ection 1.1.5 ln trumentation Monitoring: 
" ontinuous monitoring applies to the electronic monitoring performed in the 200 Area ETF ontrol Room for this in trumentation 
during 200 Area ETF proc ing operation and/or 2025-E Load-ln Station tran fer . Data from alarm leak detecto and le el 
tran mitter are monitored daily in the 200 Area ETF Control Room when wa le tran fers are not occurring (see C.2.5. !). ln ca es 
where thi instrumentation is out of er ice (e.g., calibration, power failures or maintenance) daily visual inspection will be 
performed in accordance with WA 173-303-640, u ing the alternate method di cu ed in Addendum , Section C.1 for leak 
detection , Section .4.3.1.2 for level in pection, and Section .4.4.2 for overfill prevention will be followed . 
ln the event the electronic leak detector or level indicators for Sump Tank I or Sump Tank 2 are out of ervice daily vi ual 
in pection will be perfonned each operating day (WA -173-303-640). 
Inspections pertaining to instrumentation monitoring is provided in Table 1.2. 

• Table I. I Vi ual In pection Schedule for LERF and 200 Area ETF: Under Secondary Treatment Train, Thin Film Dryer Room 
changed 1anks to ' piping' inspections because there are no tanks located in the Thin Film Dryer Room. Moved table title to fir t 
row of Table and marked a table header. larified text for thin film dryer room and container storage inspection , replaced "to" with 
"the", modified table footnote to addres u e of the camera yst'em for inspection . Updated footnote numbering. 

• Table 1.2 ln pection Plan for In trumentation Monitoring: Formatted table to fit content moved exi ting table footnote to new 
Section L l.5 (before Table 1.2), and deleted table footnot from the table. Corrected component naming for' Sump Tank I and 
'Sump Tank 2 . Deleted footnote text pertaining to Addendum J ontingency Plan. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 
X 

Class 2 Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: WAC 173-303-830(3){d), Other Modifications 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 rime. 

Modification Approved : 

Reason for denial: 
~Yes D No (state reason for denial) 

Date 



Quarter Ending June 30, 201 6 

Unit: 

Hanford Facility RCRA Permit Change Notice 
Permit Part 

PCN-LERF/ETF-201 5-02 

Page 12 of 12 

Liquid Effluent Retention Facility & 200 Area Effluent 
Treatment Facility 

Part Ill, Operating Unit Group 3 

Description of Modification: 

Addendum J, Contingency Plan: 

• Corrected page numbering (so that Section J. Contingency Plan starts on page J.l rather than J.5) and regenerated 
table of contents. 

• Editorial unit/component naming: Sections J, J. l, J.2, J.3, J.3 .1.1, J.3 .1.2, J.3 .2, J.3.2.4 J.3.2 .5.1, J.3.4, J.3 .5, J.4, 
J.4. l, J.4.2, J.4.3 J.4.6, J.6, J.7, and Figure J. l. 

• Editorial app lied italics to "Atomic Energy Act': Section J.3.2.5 

• Editoria l/Format: Sections J.4.l , J.4.2 J.4.3 , J.4.4, J.4.5, J.5 , J.7, and Tables J.1. 

• Table J. I, Hanford Facility Documents Containing Contingency Plan Requi rements of WAC 173-303-350(3): 
Formatted table for banded rows placed table title in table header to have table heading on mult iple pages, and used 
hard hyphen' to keep document numbers on I line. 

• Section J.3.2.5 , Hazardous Material, Dan·gerous and/or Mixed Waste Spill: For consistency with DOE/RL-94-02, 
Hanford Site Emergency Management Plan (Pennit Attachment 4) and BEPs corrected acronym from "SWIMS to 
'SWIM'. Ventilation shutdown is covered under the second bullet to place the plant in a safe shutdown 
configuration. 

• Section J.4.1, Fixed Emergency Equipment: Inserted location descriptions for safety shower/eye wash stations, and 
orted the safety shower/eye wash stations by location, de leted the number " 1 ' in front of each location because trus 

column is for location. Deleted " l - 2025-E South Wall of Process Area' because thi location is the same location 
as "2025-E Rm 131 , South Proces Area . 

• Section J.4.5, Spill Control and Containment Supplies: Sorted locations by area. Deleted the numbers listed in the 
"Location Colum n ' because th is column is fo r location . Deleted "CONEX" and made formatting changes. 

WAC 173-303-830 Modification Class 
Please mark the Modification Class: 

Class 1 Class 11 
X 

Class 2 Class 3 

Enter relevant WAC 173-303-830, Appendix I Modification citation number: WAC 173-303-830(3)(d), Other Modifications. 
Enter wording of WAC 173-303-830, Appendix I Modification citation: Request modification reviewed and approved as 
a Class 1 prime. 

Modification Approved: ~ Yes D No (state reason for denial) 

Reason for denial : { 
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PCN-LERF-ETF-2015 -02 WA 7890008967 
LERF and 200 Area ETF 

I PART 111 , OPERATING UNIT GROUP 3 PERMIT CONDITIONS 
2 LIQUID EFFLUENT RETENTION FACILITY & 200 AREA EFFLUENT TREATMENT FACILITY 

3 UNIT DESCRIPTION: 

4 The Liquid Effluent Retention Facility (LERF) and 200 Area Effluent Treatment Facility(200 Area ETF) 
5 consists of an aqueous waste treatment system that provides treatment, storage integral to the treatment 
6 process, and storage of secondary wastes from the treatment process for a variety of aqueous mixed 
7 waste. The 200 Area ETF is located in the 200 East Area. Aqueous wastes managed by the 200 Area 
8 ETF include process condensate from the LERF and 200 Area ETF and other aqueous waste generated 
9 from onsite remediation and waste management activities. 

10 The LERF consists of three lined surface impoundments, or basins. Aqueous waste from LERF is 
11 pumped to the 200 Area ETF for treatment in a series of process units , or systems, that remove or destroy 
12 essentially all of the dangerous waste constituents. The treated effluent is discharged to a State-Approved 
13 Land Disposal Site (SALDS) north of the 200 West Area, under the authority of a Washington State 
14 Waste_Discharge Pennit Number ST0004500 (Ecology 2014±000) and 200 Area ETF Delisting 
15 (40 CFR 261 , Appendix IX, Table 2). Constmction of the LERF began in 1990. Waste management 
16 operations began at LERF in Apri l 1994. Construction of the 200 Area ETF began in 1992. Waste 
17 management operations began at 200 Area ETF in November of 1995 . 

18 This Chapter provides unit-specific Permit conditions applicable to the dangerous waste management 
19 units for LERF and 200 Area ETF. 

20 LIST OF ADDENDA SPECIFIC TO OPERATING UNIT GROUP 3 

21 

22 
23 

24 

25 

26 

27 

28 

29 

30 

Addendum A 

Addendum B 

Addendum C 

AddendumD 

Addendum E 

Addendum F 

Addendum G 

Addendum H 

Addendum I 

Addendum J 

Part A Fonn, dated March 3 I , 20 ~ 5 June 30, 2016 

Waste Analysis Plan, dated June 30, 2015 June 30, 2016 

Process Information, dated December 31 , 2014 June 30, 2016 

Groundwater Monitoring, approved Apri I 29, 2014 

Security Requirements, dated, June 30, 2011 

Preparedness and Prevention, dated April 8, 2014 June 30, 2016 

Personnel Training, dated June 30, 2015 

Closure Plan, dated June 30, 2011 June 30, 2016 

Inspection Requirements, dated April 8, 2014 June 30, 2016 

Contingency Plan, dated June 30, 2015 June 30, 2016 

31 DEFINITIONS 

32 State and federal delisting actions: The state delisting action pursuant to WAC 173-303-910(3), 
33 August 8, 2005 , and the federal delisting action appearing in 40 CFR 261 , Appendix IX, Table 2 
34 applicable to the United States, Department of Energy, Rich land, Washington . 

35 ACRONYMS 

36 

37 

38 
39 
40 
41 

LERF and 200 Area ETF 200-Area Liquids Processing Facility 

111.3.A 

111 .3.A.1 

COMPLIANCE WITH UNIT-SPECIFIC PERMIT CONDITIONS 

The Permittees will comply with all Permit Conditions in this Chapter and its 
Addendums and Chapters with respect to dangerous waste management and dangerous 
waste management units in LERF and 200 Area ETF, in addition to requirements in 
Permit Part I and Part II. 

3 
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111.3.B GENERAL WASTE MANAGEMENT 

WA 7890008967 
LERF and 200 Area ETF 

2 111.3.B.1 The Permittees are authorized to accept dangerous and/or mixed waste for treatment in 
3 dangerous waste management units that satisfies the waste acceptance criteria in Permit 
4 Addendum B according to the waste acceptance procedures in Permit Addendum B. 
5 [WAC I 73-303-300] 

6 111.3.B.2 The Permittees are authorized to manage dangerous and/or mixed wastes physically 
7 present in the dangerous waste management units in LERF and 200 Area ETF as of the 
8 effective date of this Permit according to the requirements of Permit 
9 Condition III.H J,B. l. 

10 111.3.B.3 The Permittees are authorized to treat and/or store dangerous/mixed waste in the 
11 dangerous waste management units in LERF and 200 Area ETF according to the 
12 follow ing requirements: 

13 111 .3.B.3.a The Permittees are authorized to treat, and store as necessary in support of treatment, 
14 dangerous waste in the 200 Area ETF tank systems identified in Permit Addendum C, 
15 Section C.2, and Section C.4 according to the Permit Conditions of this Chapter. 

16 111.3.B.3.b The Permittees are authorized to store and treat those dangerous and/or mixed waste 
17 identified in Permit Addendum C, Section C.3 , in containers according to the 
18 requirements of this Chapter. All container management activities pursuant to this Permit 
19 Condition will take place within the container storage areas or within the 200 Area ETF 
20 process area identified in Permit Addendum C, Figures c.i ; and C.J 4 . 

21 111.3.B.3.c Treatment in containers authorized by Permit Condition III .3.B.3.b is limited to decanting 
22 of free liquids, and addition of sorbents to free liquids. The Permittees wi ll ensure that 
23 sorbents are compatible with wastes and the containers. Sorbents will be compliant with 
24 the requirements of WAC l 73-303-140(4)(b)(iv), incorporated by reference. 

25 111.3.B.3.d The Permittees are authorized to treat aqueous waste in LERF Basins (Basins 42, 43 and 
26 44) subject to the following requirements : 

27 111.3.B.3.d.1 Following treatment in a LERF basin, aqueous wastes must be treated in 200 Area ETF 
28 according to Permit Conditions III.3.B.3.a through c.; [ 40 CFR 268.4(2)(iii) , incorporated 
29 by reference by WAC 173-303-140] 

30 111.3.B.3.d.2 The Permittees must ensure that for each basin, either supernatant is removed on a flow-
31 through basis, to meet the requirement of 40 CFR 268.4(a)(2)(ii) incorporated by 
32 reference by WAC 173-303- 140, or incoming waste is shown to not contain solids by 
33 either: ( 1) sampling results showing the waste does not contain detectable solids, or (2) 
34 filtering through a IO micron filter;[WAC l 73-303-815(2)(b)(ii)] 

35 111.3.B.4 The Permittees will maintain the physical structure of the LERF and 200 Area ETF as 
36 documented in the applicable sections of Permit Addendum C, Section C.2. 
37 [WAC 173-303-630(7), WAC 173-303-640(3), WAC 173-303-640( 4)] 

38 111.3.B.5 The Permittees are authorized to use treated effluent for recycle/makeup water purposes 
39 at the 200 Area ETF as outlined in Permit Addendum C, Section C.2.5 .5, and the letters 
40 dated August 19, 2005 , EPA Region 10 to Keith A. Klein; and August 8, 2005 , 
41 Department of Ecology to Keith A. Klein . [WAC 173-303-815 (2)(b )(ii)] 

42 111 .3.B.6 The Permittees will maintain and operate systems for the 200 Area ETF documented in 
43 Permit Addendum C, Section C.2.5 as necessary for proper operation of the 200 Area 
44 ETF, compliance with the conditions of this Permit, and protection of human health and 
45 the environment. For purposes of this Permit Condition, the Monitor and Control System 
46 documented in Permit Addendum C, Section C.2 .5.1 , is considered to include all 

4 
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PCN-LERF-ETF-2015-02 WA 7890008967 
LERF and 200 Area ETF 

111.3.B.7 

111 .3.B. 7 .a 

111.3.B.7.b 

111.3.B.7.c 

111.3.B.7.d 

111.3.B.8 

111.3.B.9 

111.3.B.10 

111 .3.B.11 

11 1.3.C 

111.3.C.1 

indicators, sensors, transducers, actuators and other control devices connected to but 
remote from the centralized monitor and control system (MCS) computer. 

The Permittees must complete the following requirements prior to acceptance for 
treatment in 200 Area ETF aqueous waste streams with listed waste numbers subject to 
the requirements of the State and Federal de! isting: [WAC l 73-303-8 l 5(2)(b )(ii)] 

The Permittees will prepare a written waste processing strategy according to the 
requirements of the State and Federal Delisting Actions Conditions (l)(a)(ii) and (l)(b), 
incorporated by reference, and Permit Addendum B, Section B.2.2.2 . 

The waste processing strategy required by Permit Condition III.3.B.7.a, must document 
the proposed processing configuration for the 200 Area ETF, operating conditions for 
each processing unit, and the expected treated effluent characteristics based on the 
process model and treatability envelope data required by State and Federal Delisting 
Conditions (l)(a)(ii) and (l)(b). 

The written waste processing strategy required by Permit Condition III.3.B.7.a must 
demonstrate that the projected treated effluent characteristics satisfy the delisting 
exclusion limits in State and Federal Delisting Condition (5) of the state and federal 
deli sting actions, and the discharge limits of the Discharge Pennit Number ST0004500 
(Ecology 20 14)8tate Diseharge Pem1it 8T 4500. 

The Permittees will place a copy of the written waste processing strategy required by 
Permit Condition III.3.B .7.a in the Hanford Facility Operating Record, LERF and 
200 Area ETF file as part of the documentation of waste streams accepted for 
management at the 200 Area ETF. 

Treatment of aqueous waste streams in the 200 Area ETF with listed waste numbers that 
are subject to the requirements of the state and federal de listing actions must comply with 
the requirements of State and Federal Delisting Condition (l)(c), incorporated by 
reference. [WAC 173-303-815 (2)(b)(ii)] 

The Permittees will manage treated effluent in the final verification tanks according to 
the requirements of the State and Federal De listing Conditions (3) and (5), incorporated 
by reference. [WAC 173-303-815 (2)(b)(ii)] 

The Permittees will manage treated effluent from the 200 Area ETF according to the 
requirements of the Discharge Penn it Number ST0004500 (Ecology 2014)8tate Waste 
Discharge Permit 8T 4500 and State and Federal Delisting Condition (7). 
[WAC 173-303-815(2)(b)(ii)] 

The Permittees will ensure compliance with treatment standards (40 CFR 268 , 
incorporated by reference by WAC 173-303-140) applicable to treated effluent prior to 
discharge to the State Authorized Land Disposal Site (SALOS), the delisting criteria at 
40 CFR 261, Appendix IX, Table 2, and the corresponding state-approved delisting 
(dated August 8, 2005, a ll incorporated by reference). Sampling and ana lysis necessary 
for these demonstrations must meet the corresponding requirements in Permit 
Addendum B. [WAC 173-303-140, WAC 173-303-815 (2)(b)(ii)] 

WASTE ANALYSIS 

The Permittees will comply with requirements in Permit Addendum B for sampling and 
analysis of all dangerous and/or mixed waste required by conditions in this Chapter. 
[WAC 173-303-300] 

5 
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l 111.3.C.2 
2 
3 

4 111.3.C.3 
5 
6 

7 111.3.C.4 
8 

9 111.3.C.5 
10 
11 

12 111.3.D 

13 111.3.D.1 
14 

15 111.3.D.1 .a 

16 111.3.D.1.b 
17 
18 
19 

20 111 .3.D.1.c 
21 

22 111.3.D.1.d 
23 

24 111.3.E 

25 111.3.E.1 
26 
27 

28 111.3.F 

29 111.3.F.1 
30 

31 111.3.G 

32 111.3.G.1 
33 

34 111.3.H 

35 111.3.H.1 
36 

37 111.3.1 

38 111.3.1.1 
39 
40 
41 

The Permittees will have an accurate and complete waste profile as described in Permit 
Addendum B, Section B.2.1.2, for every waste stream accepted for management in LERF 
and 200 Area ETF dangerous waste management units. [WAC 173-303-380 (l)(a), (b)] 

The Permittees will place a copy of each waste profile required by Permit 
Condition III.B J .C.2 in the Hanford Facility Operating Record, LERF and 200 Area 
ETF file required by Permit Condition II.I.1.j. [WAC 173-303-380 (l)(a), (b )] 

The Permittees will make a copy of the waste profile required by Permit 
Condition III.B J .C.2 available upon request. [WAC 173-303-380 (l)(a) , (b)] 

Records and results of waste analysis described in this Permit will be maintained in the 
Hanford Facility Operating Record, LERF and 200 Area ETF file required by Permit 
Condition Il.1.1 .b . [WAC 173-303-380 (l)(a), (b)] 

RECORDKEEPING AND REPORTING 

The Permittees will place the following into the Hanford Facility Operating Record, 
LERF and 200 Area ETF file required by Permit Condition II.I. 1: 

Records required by WAC l 73-303-380 (1 )(k), and -( o) incorporated by reference. 

Records and results of waste analysis, waste determinations (as required by Subpart CC) 
and trial tests required by WAC 173-303-300, General waste analysis, and by 
40 CFR §264.1034,§264.1063, §264.1083, §265 .1034, §265.1063 , §265.1084, §268.4(a), 
and §268.7; [WAC 173-303-310(2)] 

An inspection log, summarizing inspections conducted pursuant to Permit 
Condition III.3.H. l ; [WAC l 73-303-380(l)(e)] 

Records required by the State and Federal Delisting Condition (6), incorporated by 
reference; [WAC 173-303-815 (2)(b )(ii)] 

SECURITY 

The Permittees comply with the Security requirements specific to the LERF and 200 
Area ETF in Addendum E and Permit Attachment 3 as required by Permit 
Condition 11.M. [WAC 173-303 -310(2)] 

PREPAREDNESS AND PREVENTION 

The Permittees will comply with the Preparedness and Prevention requirements specific 
to LERF and 200 Area ETF in Addendum F. [WAC 173-303-340] 

CONTINGENCY PLAN 

The Permittees will comply with Addendum J, Contingency Plan, in addition to the 
requirements of Permit Condition II.A when applicable. [WAC 173-303-350] 

INSPECTIONS 

The Permittees will comply with Addendum I in addition to the requirements of Permit 
Condition II.X. [ WAC 173-303-320] 

TRAINING PLAN 

The Permittees will include the training requirements described in Addendum G of this 
Chapter specific to the dangerous waste management units and waste management 
activities at LERF and 200 Area ETF into the written training plan required by Permit 
Condition II.C. 

6 
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111.3.J GENERAL REQUIREMENTS 

WA 7890008967 
LERF and 200 Area ETF 

2 111.3.J .1 The Permittees will comply with the requirements of WAC 173-303-395( I) , incorporated 
3 by reference, for prevention of reaction of ignitable, reactive, or incompatible wastes. 

4 111.3.K CLOSURE 

5 11 1.3.K. 1 The Permittees will close dangerous waste management units in the LERF and 200 Area 
6 ETF in accordance with Addendum H, Closure Plan, and Permit Condition 11.J. 
7 [WAC 173-303-610(3)(a)] 

8 111.3.L POST CLOSURE - RESERVED 

9 111.3.M CRITICAL SYSTEMS - RESERVED 

10 111.3.N RESERVED 

11 111.3.0 CONTAINERS 

12 111.3.0.1 Container Storage and Treatment Unit Standards 

13 111.3.0.1.a As part of or in addition to the requirements of Permit Condition Ill.3 .B.2, the Permittees 
14 will ensure the integrity of container storage secondary containment and the chemically 
15 resistant coating described in Addendum C, Section C.3.4. I as necessary to ensure any 
16 spi lls or releases to secondary containment do not migrate to the underlying concrete or 
17 soi~. 

18 111.3.0.1.a.1 Include documentation of any damage and subsequent repairs in the Hanford Facility 
19 Operating Record, LERF and 200 Area ETF fi le required by Permit Condition II.+x. I . 

20 111.3.0.2 Container Management Standards 

21 111.3.0.2.a The Permittees will maintain and manage wastes in accordance with the requirements of 
22 Addendum C, Section C.3.24.3.2, and Section 4.3.2. [WAC 173-303-630(2)] 

23 111.3.0.2.b The Permittees will label containers in accordance with the requirements of 
24 Addendum C, Section C.3.2, and Section C.3.3. [WAC 173-303-630(3)] 

25 111.3.0.2.c The Permittees will comply with the requirements for managing wastes in containers in 
26 WAC 173-303-630(5), incorporated by reference. 

27 111.3.0.2.d The Permittees wi ll ensure wastes are compatible with containers and with other wastes 
28 stored or treated in containers within the 200 Area ETF according to the requirements of 
29 Addendum C, Section C.3 .1 and C.3.4 .6C.3.4.3. [WAC 173-303-630(4), 
30 WAC 173-303-630(9)] 

3 I 111.3.0.2.e The Permittees may treat wastes in containers via decanting of free liquids and addition 
32 of sorbents. The Permittees may not use addition of sorbents for purposes of changing 
33 the treatability group of a waste with respect to the land disposal restriction standards of 
34 40 CPR 268, incorporated by reference by WAC 173-303-140. 

35 111.3.0.2.f The Pennittees wi ll remove any accumulated liquids from container storage areas in 
36 200 Area ETF according to the requirements of Addendum C, Section C.3.4.5C.3.4 .2, to 
37 ensure containers are not in contact with free liquids and to prevent overflow of the 
38 container storage area secondary containment. 

39 111.3.0 .2.g The Permittees will comply with the requirements for air emissions from containers in 
40 Addendum C, Section C.6.3.2. [WAC 173-303-692] 

7 
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111.3.P 

2 111.3.P.1 

3 111 .3.P .1.a 
4 
5 
6 

7 111.3.P.1.b 
8 
9 

10 
11 

12 111.3.P.1.c 
13 
14 

15 111.3.P .2 

16 111.3.P.2.a 
17 

18 111.3.P.2.b 
19 

20 111.3.P.2.c 
21 

22 111.3.P.2.d 
23 
24 

25 111.3.P.2.e 
26 
27 
28 
29 

30 111 .3.P.2.f 
31 

32 111.3.Q 

33 111.3.Q.1 
34 

35 111.3.Q.2 
36 
37 

38 111 .3.Q.3 
39 
40 

41 111.3.Q.4 
42 

43 111.3.Q.5 
44 

TANK SYSTEMS 

Tank System Requirements 

The Permittees will develop a schedule for conducting integrity assessments (IA). The 
schedule will meet the requirements of Addendum C, Section C.4. 1.5~ , and 
consideration of the factors in WAC I 73-303-640(2)(e) or WAC l 73-303-640(3)(b) as 
applicable: 

The Permittees will maintain a copy of the schedule required by Permit 
Condition III.3.P. l .a, in the Hanford Facility Operating Record, LERF and 200 Area ETF 
file , and conduct periodic integrity assessments according to the schedule. The 
Permittees will document results of integrity assessments conducted according to the IA 
in the Hanford Facility Operating Record , LERF and 200 Area ETF file . 

For existing tank systems, if a tank system is found to be leaking, or is unfit for use, the 
Permittees must follow the requirements of WAC 173-303-640(7), incorporated by 
reference. [WAC 173-303-640(3)(b)] 

Tank System Operating Requirements 

The Pennittees will comply with the requirements of WAC l 73-303-640(5)(a), 
incorporated by reference. 

The Pennittees will comply with the requirements of Addendum C, 
Section C.4.4.2G.4 .5.2. [WAC l 73-303-640(5)(b )] 

The Permittees will comply with the requirements of Addendum C, Section C.4.5G-:4.{;. 
[WAC I 73-303-640(5)(d)] 

The Permittees will comply with the requirements of WAC 173-303-640(7) , incorporated 
by reference, in response to spills or leaks from tanks systems at 200 Area ETF. 
[WAC l 73-303-640(5)(c)] 

The Permittees will ensure that the Waste Processing Strategy required by Permit 
Condition 111.3 .B .7.a, provides for the immediate treatment or blending of waste accepted 
for management at the 200 Area ETF such that the resulting waste or mixture is no longer 
reactive or ignitable when further managed in 200 Area ETF tank systems. 
[WAC l 73-303-640(9)] 

The Permittees will comply with the requirements of WAC 173-303-640(10), 
incorporated by reference. 

SURFACE IMPOUNDMENTS 

The Permittees will maintain the three LERF basins according to the requirements of 
WAC 173-303-650 (2)(f) , incorporated by reference. 

The Permittees will operate the LERF basins according to the requirements of 
Addendum C, Section C.5.3, and Addendum I, Section 1.1.2.3 . 11.2.2 .3. l to prevent over­
topping. [WAC 173-303-650 (2)(c)] 

The Permittees will develop and maintain, and operate the LERF basins to ensure that 
any flow of waste into the impoundment can be immediately shut off in the event of 
overtopping or liner failure. [WAC 173-303-650 (2)(d)] 

The Permittees will comply with the requirements of WAC 173-303-650 (2)(g), 
incorporated by reference. 

The Pennittees will comply with the requirements of WAC 173-303-650 (4)(b), 
incorporated by reference. 

8 



PCN-LERF-ETF-2015-02 WA 7890008967 
LERF and 200 Area ETF 

1 111.3.Q.6 
2 
3 
4 
5 
6 

7 111.3.Q.7 
8 
9 

IO 111.3.Q.8 
11 
12 

13 111.3.Q.9 
14 
15 

16 111.3.Q.10 
17 
18 

19 111.3.Q.11 
20 
21 

22 111.3.Q.12 
23 
24 

25 111.3.Q.13 
26 

27 111.3.Q.14 
28 

29 111.3.R 

30 111 .3.R.1 
31 

32 111.3.R.2 
33 

34 111.3.R.3 

35 111.3.R.3.a 
36 

37 111.3.R.3.b 
38 
39 

40 111.3.R.3.c 
41 
42 

43 

The Permittees will comply with the requirements of WAC 173-303-650 (4)(c), 
incorporated by reference. The certification required by this Permit Condition must be 
provided to Eco logy no later than seven calendar days after the date of the certification. 
A copy of the certification will be placed in the Hanford Facility Operating Record, 
LERF and 200 Area ETF file required by Permit Condition II.I. 1. [WAC 173-303-650 
(4)(c)] 

The Permittees will comply with the requirements of WAC l 73-303-650(5)(b), 
incorporated by reference, in response to events in WAC l 73-303-650(5)(a), incorporated 
by reference. 

The Permittees will comply with the requirements of WAC 173-303-650(5)( d) for any 
LERF basin that has been removed from service in accordance with Permit 
Condition III.3 .Q.7 that the Permittees will restore to service. [WAC I 73-303-650(5)(d)] 

The Permittees will close any LERF basin removed from service in accordance with the 
requirements of Permit Condition 111.3.Q.7 or a basin that cannot be repaired or that the 
Permittees will not to return to service. [WAC l 73-303-650(5)(e)] 

The Permittees will comply with the requirements of Addendum C, Section C.5.10 with 
respect to management of ignitable or reactive wastes in the LERF basins. 
[WAC 173-303-650(7)] 

The Permittees can place incompatible wastes and materials in the same LERF basin only 
if in compliance with the requirements of WAC I 73-303-395(l)(b) , (c). 
[WAC 173-303-650(8)] 

The Permittees will use the action leakage rate in Addendum C, Section C .5.8, for 
operation of LERF basins, and comply with the requirements of 
WAC 173-303-650( l0)(b). [WAC 173-303-650(10)] 

The Permittees will comply with the requirements of WAC 173-303-650( 11), 
incorporated by reference. 

The Permittees will comply with the requirements of 40 CFR 264, Subpart CC, 
incorporated by reference by WAC 173-303-692. 

GROUNDWATER 

The Permittees will comply with the requirements of Addendum D, Groundwater 
Monitoring Plan . [WAC 173-303-645] 

All wells constructed pursuant to this Permit will be constructed in compliance with 
Chapter 173-160 WAC incorporated by reference through WAC 173-303-645 (8)(c) . 

Update the Groundwater Monitoring Network 

The Permittees will install an additional downgradient monitoring wel l E-26-15 as 
identified in Addendum D, Groundwater Monitoring Plan by December, 2016. 

W ithin 60-days of the well installation, the Permittees wi ll submit a Class 2 Permit 
modification [WAC 173-303-830 Appendix I, C. l .a] to update Addendum D and include 
the additional monitoring well into the groundwater monitoring network. 

Concurrently with the permit modification request, the Permittees will submit a revised 
"Liquid Effluent Retention Facility Characterization Report" for the additional 
monitoring well that includes: 

1) Well construction in accordance with WAC l 73-303-645(8)(c) 

9 
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2) Well screen placement in the upper aquifer in accordance with WAC l 73-303-
645(8)(a) 

3) Hydrogeologic conditions, stratigraphy and hydraulic conductivity, derived from 
geologist observations of borehole archive samples, down hole gamma logging, 
and aquifer slug tests in accordance with WAC l 73-303-645(8)(a)(i)(A) 

4) Drilling and sampling details in accordance with WAC l 73-303-645(8)(d) 

5) Borehole corrections (e.g., precision surveys, gyroscopic corrections, and 
barometric response corrections) to ensure adequate hydraulic understanding 
considering the very small gradient in accordance with WAC l 73-303-645(8)(f) 

6) Geochemical comparison of the water quality with other existing wells to ensure 
anticipated representative conditions in accordance with WAC l 73-303-
645(8)(a)(ii) 

7) Document surface location as required by WAC 173-303-645(6) 

14 111 .3.R.3.c.1 Groundwater sample results from the new well (E-26-15) and the existing wells for all 
15 constituents in the Addendum D, Groundwater Monitoring Plan for the Liquid Effluent 
16 Retention Facility, 

17 111.3.R.3.c.2 Results of evaluating final well development data and drilling logs, 

18 111.3.R.3.c.2.a A well use designation (e.g., upgradient or downgradient). 

10 
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a WAS HINGTON STATE Addendum A D EPA RT MENT 0 f 

E C O L O G Y Part A Form 
- . 

Date Received ~by.Cl-I~~· rJ ... l DMI: 0 3 ~ 

Month Day Year AppnMd by. f'(.111, i 6 h V :-I ~ 0..: 0 ~ 

I I I I I I I 5&.t~Hl "J>~ ( 
I. This form is submitted to: (place an "X" in the appropriate box) 

~ Request modification to a final status permit (commonly called a " Part B" permit) 

• Request a change under interim status 

~ 
3 

WA7890008967 

LERF and 200 Area ETF 

I z {J I s-
I z (I I s 

• Apply for a final status permit. This includes the application for the initial final status permit for a site 
or for a permit renewal (i.e., a new permit to replace an expiring permit). 

• Establish interim status because of the wastes newly 
(Date) 

regulated on: 

List waste codes: 

II. EPA/State ID Number 

w l A 1 1 s 1 9 1 o I o o I s 1 9 1 6 1 1 

Ill. Name of Facility 

U0S0 Department of En ergy - Hanford Facility 

IV. Facility Location (Physical address not P.O. Box or Route Number) 
A. Street 

Refer to Permit Attachment 2, Hanford Facility Permit Legal Descri2tion8J§ Jaeiwifl 

City or Town !State ZIP Code 

~ Richland WA ~ 

County 
Code County Name 

0 l o 5 Benton 

B. C. Geographic Location D. Facility Existence Date 
Land 
Type Latitude (degrees, mins, secs) Longitude (degrees, mins, secs) Month Day Year 

F Refer to TOPO Map (Section XV.) l Q I 1° I I 1Q I 22 I l 1 1 9 1 §4 I Q0 

V. Facility Mailing Address 

Street or P.O. Box 

P.O. Box450 

City or Town State ZIP Code 

Richla nd WA 99352 

ECY 030-31 H anfo rd (Rev. 3/5/04) Page 1 of 19 
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LERF and 200 Area ETF 

VI. Facility contact (Person to be contacted regarding waste activities at facility) 

Name (last) (first) 

Smith Kevin 

Job Title Phone Number (area code and number) 

Manager (509) 372-2315 

Contact Address 

Street or P .0. Box 

P.O. Box 450 

City or Town State ZIP Code 

Richland WA 99352 

VII. Facility Operator Information 

A. Name Phone Number 

Department of Energy Owner/Operator 
(509) 372-2315 

Washington River Protection Solutions, LLC Co-Operator for dangerous waste management 
(509) 372-997~ * 

units in LERF & 200 Area ETF* 
Street or P.O. Box 

P.O. Box 450 
P.O. Box 850* 

City or Town State ZIP Code 

Richland WA 99352 

B. Operator Type I F I 
C. Does the name in VII.A reflect a proposed change in operator? • Yes [gJ No Ge GpeFateFt el=iaAge 

If yes, provide the scheduled date for the change: Month Day Year 
Q 13 I 13 I Q I 1i I Q 11 l e 

D. Is the name listed in VII.A. also the owner? If yes, skip to Section VIII.C. I D Yes [gJ No 

VIII. Facility Owner Information 

A. Name Phone Number (area code and number) 

:f<:e,.,iR W. Smitl:I, U.S. De12artment of Energ:yFaeility PrnpeFtj,' GwReF (509) 372-2315 

Street or P.O. Box 

P.O. Box450 

City or Town State ZIP Code 

Richland WA 99352 

B. Owner Type I F I 
C. Does the name in VIII.A reflect a proposed change in owner? I • Yes [gJ No 

If yes, provide the scheduled date for the change: Month Day Year 

I I I I I I I I I 
IX. NAICS Codes (5/6 digit codes) 

A. First B. Second 
Ael miAis~Fa~iBA sf Aif & Wa ~ef ReSB<IFEe & 

5 6 2 2 1 1 Waste Treahnent & Disposal 9 i 4 ± ± g - . " ' . -
C. Third D. Fourth 

ReseaFER & Qe\•el013meA~ ~A ~he 
§ 4 ± 7 ± Ph~•sieal, eAgiAeeFing, & Ufo 

SeieA€eS 

ECY 030-31 Hanford (Rev. 3/5/04) Page 2 of 19 
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X. Other Environmental Permits (see instructions) 
A. Permit 

B. Permit Number 
Type 

E A 0 p 0 0 - 0 5 - 0 0 6 

-e F F - G + - + 4 6 

-e F F - G + - + 4 + 

-e F F - G + - + 4 & 

-e F F - G + - ~ 0 + 
E .Q E 0 7 N w l2 - 0 0 3 

Q .Q g 1 ! ~ I ! N g 

Q T ~ ~ A 0 3 - l 0 - 2 2 

Q 0 A w T 1 Q 7 --

u 
Q 

s T Q Q Q 4 5 0 0 

u s T Q Q Q 4 5 1 1 
E 

E -¼ G M 4 ;! 7 

C. Description 

Title V Air Operating Permit 

WA 7890008967 

LERF and 200 Area ETF 

\llAG 246 24+ Radieaetive AiF emissieAs a1313rn¥al , 
bER:F BasiA 44 , -eY 146, AlR l2 30§ 
WAG 246 24+ R:adieaeti•,•e AiF emissieAs a1313Fe 1,•al , 
beR:."I;: BasiA 43 , eU 14+, AIR 12 30§ 
W,A,G 246 :24+ Radieaeti•,•e AiF emissieAs a1313Fe,,•al , 
bERF BasiA 4:2 , eY 14&, AIR 1:2 30§ 
WAG 246 24+ Radieaetive AiF emissieAs a1313rnYal , 
e+I<, eY 301, AIR 12: 30§ 

JNAG 173 40G & 460 Griteria & +e~Eies apprn,,•a l 

ETF Delisting, 70 Federal Register (FR) 44496, dated 
Auwst 3 2005 
Toxic Substance Control Act (TSCA) Risk-based 
Disposal approval,40 GFR 761 (RBDA) Application for 
Management of Polychlorinated Biphenyl (PCB) 
Remediation Waste at the 200 Area Liguid Waste 
Processine: Facilities dated Tune 8 2004 
Approval of the Reguest for Approval of Alternate 
Reuse Practices for the 200 Area Effluent Treatment 
Facility (ETF) Treated Effluent, 05-AMCP-0378, dated 
August3 2005 
WAC 173-216, State Waste Discharge Permit for the 
200 Area Effluent Treatment Facili ty State-Approved 
Land Disposal Site 
WAC 173-216, State Waste Discharge Permit Program, 
Sitewide Permit for mMiscellaneous sStreams 
40 GFR 761 .el(e), TI:iGA risk based appreval 
;!003 lG ~~ 

XI. Nature of Business (provide a brief description that includes both dangerous waste and non-
dangerous waste areas and activities) 

ECY 030-31 Hanford (Rev. 3/5/04) Page 3 of 19 
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LERF and 200 Area ETF 

Construction of the Liquid Effluent Retention Facility (LERF) began in 1990. Waste management operations began at 
LERF in April 1994. Construction of the 200 Area Effluent Treatment Facility (ETF) began in 1992. Waste management 
operations began at the 200 Area ETF in November of 1995. 

The LERF and 200 Area ETF comprise an aqueous waste treatment system located in the 200 East Area that provides 
storage and treatment for a variety of aqueous mixed waste. This aqueous waste includes process condensate from the 
242-A Evaporator and other aqueous waste generated from onsite remediation and waste management activities. 

The LERF consists of three lined surface impoundments, or basins. Aqueous waste from LERF is pumped to the 
200 Area ETF for treatment in a series of process units, or systems, that remove or destroy dangerous waste 
constituents. The treated effluent is discharged to a State-Approved Land Disposal Site (SALOS) north of the 200 West 
Area, under the authority of a Washington State Waste Discharge Permit (ST0004500) and the 200 Area Final Delisting 
(40 CFR-_261, Appendix IX, Table 2) 

Sludge that accumulates in the bottoms of 200 Area ETF process tanks is removed periodically and placed into 
containers. The waste is solidified by decanting the supernate from the container and the remainder of the liquid is 
allowed to evaporate, or absorbents are added, as necessary, to address the residual liquid. The process design 
capacity for treatment of waste in containers (T04) is 18,927 li~ers per day listed in Section XII. 

ECY 030-31 Hanford (Rev. 3/5/04) Page 4 of19 
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LERF and 200 Area ETF 

EXAMPLE FOR COMPLETING ITEMS XII and XIII (shown in lines numbered X-1, X-2, and X-3 below): 
A facility has two storage tanks that hold 1200 gallons and 400 gallons respectively. There is also treatment 
in tanks at 20 gallons/hr. Finally, a one-quarter acre area that is two meters deep will undergo in situ 
vitrification . 

Section XII. Process Codes and Design 
Section XIII. Other Process Codes 

Capacities 

A. 
B. Process Design B. Process Design C. 

Capacity C. Process A. Capacity Process 
Line Process Total Line Process D. Process 

Codes 
2. Unit of 2. Unit of Total 

Number Measure Number of Number Codes 1. Description 
(enter 1. Amount Measure Number 
code) (enter Units (enter code) Amount (enter code) of Units 

code) 

X 1 S 0 2 1,600 G 002 X 1 T 0 4 700 C 001 In situ 
vitrification 

X 2 T 0 3 20 E 001 
X 3 T 0 4 700 C 001 

1 s 0 4 88,500,000 L 003 1 T 0 4 18,927 V 001 
container 
treatment 

2 T 0 2 88,500,000 V 003 2 

3 s 0 2 9,849,350 L 019 3 

4 T 0 1 817,646 V 019 4 

5 s 0 1 147,630 L 003 5 

6 T 0 4 18,927 V 001 6 

7 7 

8 8 

9 9 

1 0 1 0 

1 1 1 1 

1 2 1 2 

1 3 1 3 

1 4 1 4 

1 5 1 5 

1 6 1 6 

1 7 1 7 

1 8 1 8 

1 9 1 9 

2 0 2 0 

2 1 2 1 

2 2 2 2 

2 3 2 3 

2 4 2 4 

2 5 2 5 

ECY 030-31 Hanford (Rev. 3/5/04) Page 5 of19 
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XIV. Description of Dangerous Wastes 

WA7890008967 

LERF and 200 Area ETF 

Example for completing this section: A facility will receive three non-listed wastes, then store and treat 
them on-site. Two wastes are corrosive only, with the facility receiving and storing the wastes in containers. 
There will be about 200 pounds per year of each of these two wastes, which will be neutralized in a tank. 
The other waste is corrosive and ignitable and will be neutralized then blended into hazardous waste fuel. 
There will be about 100 pounds per year of that waste, which will be received in bulk and put into tanks. 

A. Dangerous 
B. Estimated 

C. Unit of D. Processes 
Line Annual 

Number 
Waste No. 

Quantity of Measure 
(1) Process Codes (enter) 

(2) Process Description 
(enter code) 

Waste 
(enter code) [If a code is not entered in D (1)) 

X 1 D 0 0 2 400 p s 0 1 T 0 1 

X 2 D 0 0 1 100 p s 0 2 T 0 1 

X 3 D 0 0 2 Included with above 

1 D 0 0 1 106,940,410 K s 0 4 T 0 2 Q Q Q 

2 D 0 0 2 K s 0 
2 

T 0 1 Q Q Q Included with above 
4 2 

3 D 0 0 3 K s G 4 + G 2 Included with above 

4 D 0 0 4 K s G 4 + G 2 Included with above 

5 D 0 0 5 K s G 4 + G 2 Included with above 

6 D 0 0 6 K s G 4 + G 2 Included with above 

7 D 0 0 7 K s G 4 + G 2 Included with above 

8 D 0 0 8 K s G 4 + G 2 Included with above 

9 D 0 0 9 K s Q 4 + G 2 Included with above 

10 D 0 1 0 K s G 4 + Q 2 Included with above 

11 D 0 1 1 K s Q 4 + G 2 Included with above 

12 D 0 1 8 K s G 4 + Q 2 Included with above 

13 D 0 1 9 K s Q 4 + Q 2 Included with above 

14 D 0 2 2 K s Q 4 + Q 2 Included with above 

15 D 0 2 8 K s Q 4 + Q 2 Included with above 

16 D 0 2 9 K s Q 4 + Q 2 Included with above 

17 D 0 3 0 K s Q 4 + Q 2 Included with above 

18 D 0 3 3 K s Q 4 + Q 2 Included with above 

19 D 0 3 4 K s Q 4 + Q 2 Included with above 

20 D 0 3 5 K s Q 4 + Q 2 Included with above 

21 D 0 3 6 K s Q 4 + Q 2 Included with above 

22 D 0 3 8 K s Q 4 + G 2 Included with above 

23 D 0 3 9 K s Q 4 + Q 2 Included with above 

24 D 0 4 0 K s Q 4 + Q 2 Included with above 

25 D 0 4 1 K s Q 4 + Q 2 Included with above 

ECY 030-31 Hanford (Rev. 3/5/04) Page 6 of 19 



PCN-LERF-ETF-2015-02 

I EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 

B. Estimated 
C. Unit 

D. Process 
Line 

A. Dangerous 
Annual 

of 

Number 
Waste No. 

Quantity of 
Measure 

(enter code) (enter (1) Process Codes (enter) 
Waste 

code) 

26 D 0 4 3 K s G 4 + G 2: 

27 F 0 0 1 K s G 4 + G 2: 

28 F 0 0 2 K s G 4 + G 2: 

29 F 0 0 3 K s G 4 + G 2: 

30 F 0 0 4 K s G 4 + G 2: 

31 F 0 0 5 K s G 4 + G 2: 

32 F 0 3 9 K 5 G 4 + G 2: 

33 w T 0 1 K s G 4 + G 2: 

34 w T 0 2 K s G 4 + G 2: 

35 u 2 1 0 K 5 G 4 + G 2: 

3-6- D G G l- lG€i,94G,4lG K + G l-

3+ D G G 2: K + G l-

3-8- D G G J K + G l-

3-9- D G G 4 K + G l-

4-0- D G G § K + G l-

44- D G G e K + G l-

42- D G G 7 K + G l-

43- D G G 8 K + G l-

44 D G G 9 K + G l-

4-a- D G l- G K + G l-

# D G l- l- K + G l-

4+ D G l- 8 K + G l-

48- D G l- 9 K + G l-

49- D G 2: 2: K + G l-

5-0- D G 2: 8 K + G l-

54- D G 2: 9 K + G l-

5-2- D G J G K + G l-

5-3- D G J J K + G l-

&4 D G J 4 K + G l-

» D G J § K + G l-

~ D G J e K + G l-

5-1- D G J 8 K + G l-

ECY 030-31 Hanford (Rev. 3/5/04) 

WA7890008967 

LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)1 

Included with above 

Included with above 

Included with above 

Included with above 

Included with above 

Included with above 

Included with above 

Included with above 

Included with above 

Included with above 

Page 7 of 19 
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I EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 

B. Estimated C. Unit 
D. Process 

Line 
A. Dangerous 

Annual of 

Number 
Waste No. 

Quantity of 
Measure 

(enter code) (enter (1) Process Codes (enter) Waste 
code) 

S-3- f) G J 9 K + G ± 

5--9- f) G 4 G K + G ± 

6-0- f) G 4 ± K + G ± 

64 f) G 4 J K + G ± 

6-2- Il- G G ± K + G ± 

6-3- Il- G G l K + G ± 

64- Il- G G J K + G ± 

6-S- Il- G G 4 K + G ± 

6-6- Il- G G § K + G ± 

6+ Il- G J 9 K + G ± 

" w + G ± K + G ± 

6-9- w + G l K + G ± 

-7-0- :y l ± G K + G ± 

+4- f) {} {} + rna,940,4 rn K s {} ± 

n f) {} {} ± K s {} ± 

-1-3- f) {} G ; K s {} l 

-1-4- f) {} 0 4 K s {} ± 

1--5- f) {} {} ~ K s {} ± 

-1-6- f) {} {} 6 K s {} ± 

1-+ f) 0 {} + K s 0 ± 

-7-3- f) 0 0 & K s 0 ± 

-1-9- f) 0 {} 9 K s 0 ± 

30- f) {} + {} K s 0 ± 

3--1- f) {} + + K s {} ± 

8-2- f) {} + & K s {} ± 

8-3- f) {} + 9 K s {} l 

8-4- f) 0 l l K s 0 ± 

" f) {} l & K s 0 ± 

8-6- f) {} l 9 K s 0 ± 

8-7- f) {} ; 0 K s 0 ± 

8-8- f) 0 ; ; K s {} l 

8--9- f) {} ; 4 K s {} l 

ECY 030-31 Hanford (Rev. 3/5/04) 

WA 7890008967 

LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)) 

Page 8 of 19 
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J EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 

B. Estimated 
C. Unit 

A. Dangerous of 
D. Process 

Line Annual 
Number 

Waste No. 
Quantity of 

Measure 
(enter code) (enter (1) Process Codes (enter) 

Waste 
code) 

9-0- f) g ; § K: ,S g :2-

94- f) g ; a K s g :2-

9-2- g g J & K: ,S g :2-

9-3- f) g ; 9 K: ,S g :2-

94 g g 4 g K s g :2-

9-5- g g 4 ± K s g :2-

9-6- g g 4 J K: ,S g :2-

9-7- F g g + K s g :2-

9-8- F g g :2- Kc ,S g :2-

9-9- F g g ; Kc ,S g :2-

4--0--0- F g g 4 K s g :2-

4-04- F g g § K s g :2-

4---0--2- F g ; 9 K s g :2-

4-0-3- w + g l Kc ,S g :2-

4-04 w + g :2- Kc ,S g :2-

-1-0--5- y :2- + g K s g :2-

4-0-6-36 D 0 0 1 153,932 K s 0 1 

4--0-1-37 D 0 0 2 K s g l 

4---0-3-3 8 D 0 0 3 K s g l 

~ 39 D 0 0 4 K s g l 

4-4-0-4 0 D 0 0 5 K s g l 

4-14-4 1 D 0 0 6 K s g ± 

44-24 2 D 0 0 7 K s g l 

-1--4--34 3 D 0 0 8 K s g l 

44-44 4 D 0 0 9 K s g l 

4-4--5-4 5 D 0 1 0 K s g l 

~ 6 D 0 1 1 K s g ± 

ECY 030-31 Hanford (Rev. 3/5/04) 

WA7890008967 

LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)1 

Includes Debris 

Included w ith 
abovelHelt1Eies QeeFiS 

Included w ith 
abovelHelt1Eies QeeFis 

Included with 
abovelflelt1Eies QeeFis 

Included with 
abovelHelt1Eies QeeFis 

Included with 
abovelHelt1Eies QeeFis 

Included w ith 
abovelHelt1Eies QeeFis 

Included w ith 
abovelHelt1Eies QeeFis 

Included with 
abovelHEit1Eies QeeFiS 

Included with 
aboveIHelt1Eies QeeFiS 

Included w ith 
abovelflelt1Eies QeeFis 

Page 9 of 19 
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I EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 

B. Estimated 
C. Unit 

A. Dangerous of D. Process 
Line Waste No. 

Annual 
Number Quantity of 

Measure 
(enter code) 

Waste 
(enter (1) Process Codes (enter) 
code) 

44-147 D 0 1 8 K s g l 

448-48 D 0 1 9 K s G + 

-1-4-9-4 9 D 0 2 2 K s G + 

4--2--0-50 D 0 2 8 K s G + 

-1-24-ll D 0 2 9 K s G + 

.i..2-2-52 D 0 3 0 K s G + 

.i-2-3-53 D 0 3 3 K s G + 

-1-2-4-54 D 0 3 4 K s 0 + 

4-2-&-55 D 0 3 5 K s G + 

4-2-6-56 D 0 3 6 K s G + 

4-2-7-57 D 0 3 8 K g G + 

4-2-358 D 0 3 9 K g G + 

4-2-9-59 D 0 4 0 K g 0 + 

4-3-0-60 D 0 4 1 K s 0 + 

-1-34-§j_ D 0 4 3 K s 0 + 

-1-3-2-62 F 0 0 1 K s 0 + 

-1-3-3-63 F 0 0 2 K s 0 + 

4-34-64 F 0 0 3 K s 0 + 

~ 65 F 0 0 4 K s G + 

4-3-6-66 F 0 0 5 K g G + 

4-3-7-67 F 0 3 9 K s G + 

ECY 030-31 Hanford (Rev. 3/5/04) 

WA7890008967 

LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)) 

Included with 
abovemeh::1:Eles QeefiS 

Included with 
abovemeh:1:Eles Qeefis 

Included with aboveincludes 

9ebfi.s 
Included with aboveincludes 

9ebfi.s 
Included with 

abovemeh::1:aes QeefiS 
Included with 

abovemeh:1:aes QeefiS 
Included with 

abovemelaaes QeafiS 

Included with aboveincludes 

9ebfi.s 
Inc luded with abovelncludes 

9ebfi.s 
Included with abovelncludes 

9ebfi.s 
lncluded with abovelncludes 

9ebfi.s 
Included with abovelncludes 

9ebfi.s 
Included with abovelncludes 

9ebfi.s 
Included with abovelncludes 

9ebfi.s 
Included with abovelnch,tdes 

9ebfi.s 
included with abovelncludes 

~ 

Included with abovelncludes 

~ 

Included with aboveincludes 

9ebfi.s 
Included with abovelncludes 

9ebfi.s 
Included with abovelncludes 

9ebfi.s 
Included with abovelncludes 

Debfis 
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I EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 

B. Estimated 
C. Unit 

A. Dangerous of 
D. Process 

Line 
Waste No. 

Annual 
Number Quantity of 

Measure 
(enter code) (enter (1) Process Codes (enter) 

Waste 
code) 

4-3-3-68 w T 0 1 K s G + 

4-3-9-69 w T 0 2 K s G + 

~ 70 u 2 l 0 K s G ± 

-1--4-1-ll D 0 0 1 8 1,3 10 K T 0 4 

4-42-72 D 0 0 2 K + G 4 

4-43-73 D 0 0 3 K + G 4 

-1-4474 D 0 0 4 K + G 4 

4-45-75 D 0 0 5 K: + G 4 

~ 76 D 0 0 6 K: + G 4 

4-41-77 D 0 0 7 K: + G 4 

4-48-78 D 0 0 8 K: + G 4 

4-4-9-79 D 0 0 9 K: + G 4 

4-5-0-80 D 0 1 0 K: + G 4 

4--Mll D 0 I l K: + G 4 

4--S-2-82 D 0 I 8 K: + G 4 

-1---5-J.83 D 0 l 9 K: + G 4 

4-54-84 D 0 2 2 K: + G 4 

4-a--5-8 5 D 0 2 8 K: + G 4 

4-5-6-86 D 0 2 9 K: + G 4 

U+-87 D 0 3 0 K: + G 4 

ECY 030-31 Hanford (Rev. 3/5/04) 

WA7890008967 
LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)] 

[ncluded with above1Aeh,1des 
9ebfts 

Included with aboveIAelHdes 
9ebfts 

Included with above lAel1:1des 
9ebfts 

Includes Debri s 

Included with 
aboveIAeh1Eies QeeFis 

Included with abovelAcludes 
9ebfts 

Included with 
aboveIAeh:1:Eies QeeEis 

Included with above lAel1:1des 
9ebfts 

Included with above lAcl1:1des 
9ebfts 

Included with abovelAel1:1des 
9ebfts 

[ncluded with abovelAell:ldes 
9ebfts 

Included with abovelAel1:1des 
9ebfts 

Included with abovelAel1:1des 
9ebfts 

Included with abovelAch:1des 
9ebfts 

Included with abovelAell:ldes 
9ebfts 

Included with abovefoeludes 
9ebfts 

Included with abovelAel1:1des 
9ebfts 

Included with above[Aei1:1des 
9ebfts 

Included with abovelAel1:1des 
9ebfts 

Included with abovelAel1:1des 
f}e9fl5 
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I EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 
I 

B. Estimated 
C. Unit 

A. Dangerous of 
D. Process 

Line Annual 
Number 

Waste No. 
Quantity of 

Measure 
(enter code) 

Waste 
(enter (1) Process Codes (enter) 
code) 

4--5-8-88 D 0 3 3 K + G 4 

-149-89 D 0 3 4 K + G 4 

~ 90 D 0 3 5 K + G 4 

4-64-il D 0 3 6 K + G 4 

-=t-6-2-9 2 D 0 3 8 K + G 4 

4-6-3-9 3 D 0 3 9 K + G 4 

~ 94 D 0 4 0 K + G 4 

4--6--a-95 D 0 4 1 K + G 4 

~ 96 D 0 4 3 K + G 4 

4-6--7-97 F 0 0 l K + G 4 

~ 98 F 0 0 2 K + G 4 

~ 99 F 0 0 3 K + G 4 

4-7--0-100 F 0 0 4 K + G 4 

4---74-101 F 0 0 5 K + G 4 

m-102 F 0 3 9 K + G 4 

l-1--n103 w T 0 1 K + G 4 

-1-74104 w T 0 2 K + G 4 

ECY 030-31 Hanford (Rev. 3/5/04) 

WA 7890008967 

LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)) 

Included with abovelAeluees 
DebFtf, 

Included with abovelneluees 
DebFtf, 

Included with abovelneluees 
DebFtf, 

Included with abovelneluees 
DebFtf, 

Included with abovelneluees 
DebFtf, 

Included with abovelnoluees 
DebFtf, 

Included with abovelnoluees 
DebFtf, 

Included with abovelneluees 
DebFtf, 

Included with abovelneluees 
DebFtf, 

Included with abovelneludes 
DebFtf, 

Included with abovelneludes 
DebFtf, 

Included with abovelneludes 
DebFtf, 

Included with abovelneludes 
DebFtf, 

Included with abovelnoh,1des 
DebFtf, 

Included with abovelneludes 
f}eoos 

Included with abovelneludes 
f}eoos 

Included with abovelneludes 
DebFtf, 
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I EPA/State ID 
Number 

Continuation of Section XIV. Description of Dangerous Waste 

B. Estimated 
C. Unit 

D. Process 
Line 

A. Dangerous 
Annual 

of 

Number 
Waste No. 

Quantity of 
Measure 

(enter code) (enter (1) Process Codes (enter) 
Waste 

code) 

4-7--5-105 u 2 l 0 K: + 0 4 

~ 106 

-1-7--7-107 

-t-7-8-108 

4-1-9-109 

4-8-0-110 

4-84-.111 
4-3-2-

4-8-3-

ECY 030-31 Hanford (Rev. 3/5/04) 

WA7890008967 
LERF and 200 Area ETF 

(2) Process Description 
[If a code is not entered in D (1)] 

Included with abovelReh,1Eies 
~ 
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xv. Map 

WA7890008967 

LERF and 200 Area ETF 

Attach to this application a topographic map of the area extending to at least one (1) mile beyond property boundaries. The 
map must show the outline of the facility; the location of each of its existing and proposed intake and discharge structures; 
each of its dangerous waste treatment, storage, recycling, or disposal units; and each well where fluids are injected 
underground. Include all springs, rivers, and other surface water bodies in this map area, plus drinking water wells listed 
in public records or otherwise known to the applicant within 1/, mile of the facility property boundary. The instructions 
provide additional information on meeting these requirements. 

'T' - • .. - -- - • .. 1 _, ,_ d .. .. ~ • T: --- n - -- - -- - - - - --J 

XVI. Facility Drawing 

All existing facilities must include a scale drawing of the facility (refer to Instructions for more detail). 

XVII. Photographs 

All existing facilities must include photographs (aerial or ground-level) that clearly delineate all existing structures; existing 
storage, treatment, recycling, and disposal areas; and sites of future storage, treatment, recycling, or disposal areas (refer 
to Instructions for more detail). 

XVIII. Certifications 

I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gather and evaluate the information submitted. Based on my inquiry of the person or 
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, and 
complete. I am aware that there are significant penalties for submitting false information, including 
the possibility of fine and imprisonment for knowing violations. 

Operator 
Name and Officia l Title (type or print) 

Kevin W. Smith, Manager 
U.S. Department of Energy 
Office of River Protection 

Co-Operator* 
Name and Official Title (type or print) 

L. David Olson 
President and Project Manager 
Washington River Protection Solutions, LLC 

Co-Operator - Address and Telephone Number* 

P.O. Box 850 
Richland, WA 99352 

(509)_372-997~ 

Facility-Property Owner 
Name and Official Title (type or print) 

Kevin W. Smith, Manager 
U.S. Department of Energy 
Office of River Protection 

ECY 030-31 Hanford (Rev. 3/5/04) 

Date Signed 

Date Signed 

Date Signed 
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Comments 

Changes from Revision 3A to 4 

Section V, "Facility Mailing Address" 

• Updated P.O. Box from 550 to 450. 

Section VI, "facility Contact" 

• Updated from "Matthew McCormick" to "Kevin Smith". 
• Updated phone number of facilit)· contact. 
• Updated P.O. Bmt address of facility contact. 

Section VII, "Facility Operator Information, A. Name" 

• Updated Owner/Operator phone number. 
• Updated Co Operator name and phone number. 
• Updated P.O. Box addresses for Ov,·ner and Co Operator. 

Section VII, "facilit)· Operator Information, C" 

• Updated schedule for transition date to 03/30/2015 . 

Section VIII, "facility Ovmer Information, A. Name" 

• Updated from "Matthe·w S. McCormick" to "Kevin \V. Smith" . 
• Updated phone number of facility owner. 
• Updated PO Box address of facility owner. 

Section XVIII, "Certifications" 

WA 7890008967 

LERF and 200 Area ETF 

• Updated Operator from " Matthe,w S. McCormick" of "Richland Operations Office" to "Kevin W. Smith" of 
"Office of River Protection". 

• Updated Co Operator from "John C. Fulton" of "CH2M Hill Plateau Remediation Company" to "L. Da,·id 
Olson" of Washington River Protection Solutions, LLC". 

• Updated Co Operator title from "Chief Executive Officer" to "Praject Manager" . 
• Updated Co Operator P.O. BoJt address aHd phone number. 
• Updated facility Propert)· Owner from "Matthew S. McCormick" of "Richland Operations Office" to "Ke,,·in 

\!/ . Smith" of "Office of River Protection". 

ECY 030-31 Hanford (Rev. 3/5/ 04) Page 15 of 19 
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LERF and 200 Area ETF 

Liquid Effluid Effluent Retention Facility & 200 Area Effluent Treatment Facility 

Photo Taken 2/2010 

Typical Basin Photo Taken 1992 
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Liquid Effluent Retention Facility 
200 Area Effluent Treatment Facility 

ECY 030-31 Hanford (Rev . 3/5/04) 

WA7890008967 

LERF and 200 Area ETF 

Photo Taken 2005 
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Metric Conversion Chart 

Into metric un its Out of metric units 

If you know Multiply by To get If you know 
Length Length 
inches 25.40 millimeters mi llimeters 
inches 2.54 centimeters centimeters 
feet 0.3048 meters meters 
yards 0.914 meters meters 
mi les 1.609 ki lometers ki lometers 
Area Area 
square inches 6.4516 square square 

centimeters centimeters 
square feet 0.092 square meters square meters 
square yards 0.836 square meters square meters 
square miles 2.59 square square 

kilometers ki lometers 
acres 0.404 hectares hectares 
Mass (weight) Mass (weight) 
ounces 28.35 grams grams 
pounds 0.453 kilograms ki lograms 
short ton 0.907 metric ton metric ton 
Volume Volume 
fluid ounces 29.57 milli li ters milliliters 
quarts 0.95 liters liters 
gallons 3.79 liters liters 
cubic feet 0.03 cubic meters cubic meters 
cubic yards 0.76456 cubic meters cubic meters 
Temperature Temperature 
Fahrenheit subtract 32 Celsius Celsius 

then 
multip ly by 
5/9ths 

Force Force 
pounds per 6.895 kilopascals kilopascals 
sq uare inch 

WA 7890008967 
LERF and 200 Area ETF 

M ultiply by To get 

0.0393 inches 
0.393 inches 
3.2808 feet 
1.09 yards 
0.62 miles 

0.155 square inches 

10.7639 square feet 
1.20 square yards 
0.39 square mi les 

2.47 1 acres 

0.0352 ounces 
2.2046 pounds 
1.10 short ton 

0.03 fluid ounces 
1.057 quarts 
0.26 gallons 
35.3147 cubic feet 
1.308 cubic yards 

mu ltiply by Fahrenheit 
9/5ths, then 
add 32 

1.4504 X pounds per 
10-4 square inch 

2 Source: Engineering Unit Conversions, M. R. Lindeburg, P.E., Second Ed. , 1990, Professional 
3 Publications, Inc. , Belmont, California. 
4 
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1 B. WASTE ANALYSIS PLAN 

2 B.1 Introduction 

WA 7890008967 
LERF and 200 Area ETF 

3 In accordance with the regulations set forth in the Washington State Department of Ecology (Ecology) 
4 Dangerous Waste Regulations, Washington Administrative Code (WAC) 173-303-300, this waste 
5 analysis plan (W AP) has been prepared for operation of the Liquid Effluent Retention Facility (LERF) 
6 and the 200 Area Effluent Treatment Facility (200 Area ETF) located in the 200 East Area on the Hanford 
7 Site, Richland, Washington. 

8 The purpose of this W AP is to ensure that adequate knowledge as defined in WAC 173-303-040, is 
9 obtained for dangerous and/or mixed waste accepted by and managed in LERF and 200 Area ETF. This 

10 W AP documents the sampling and analytical methods, and describes the procedures used to obtain this 
11 knowledge. This W AP also documents the requirements for generators sending aqueous waste to the 
12 LERF or 200 Area ETF for treatment. Throughout this W AP, the term generator includes any Hanford 
l 3 Site source, including treatment, storage, and disposal (TSD) units, whose process produces an aqueous 
14 waste. 

15 LERF consists of three surface impoundments, which provide treatment and storage. The 200 Area ETF 
16 includes a tank system, which provides treatment and storage, and a container management area, which 
17 provides container storage and treatment. Additionally, this WAP discusses the sampling and analytical 
18 methods for the treated effluent (treated aqueous waste) that is discharged from 200 Area ETF as a non-
19 dangerous, delisted waste to the State Approved Land Disposal Site (SALDS). Specifically, the WAP 
20 contains sampling and analysis requirements including quality assurance/quality control requirements, for 
21 the fo llowing: 

22 • Influent Waste Acceptance Process - determines the acceptability of a particular aqueous waste 
23 at the LERF or 200 Area ETF pursuant to applicable Permit conditions, regulatory requirements, 
24 and operating capabilities prior to acceptance of the waste at the LERF or 200 Area ETF for 
25 treatment or storage. This includes documenting that wastes accepted for treatment at 200 Area 
26 ETF are within the treatability envelope required by the Final Delisting 200 Area ETF, Permit 
27 Condition-_! .a.i. Refer to Section B.2. 

28 • Special Management Requirements - identifies the special management requirements for 
29 aqueous wastes managed in the LERF or 200 Area ETF. Refer to Section B.3. 

30 • Influent Aqueous Waste Sampling and Analysis - describes influent sampling and analyses 
3 l used to characterize an influent aqueous waste to ensure proper management of the waste and for 
32 compliance with the special management requirements. Also includes rationale for analyses. 
33 Refer to Section B.4. 

34 • Treated Effluent Sampling and Analysis - describes sampling and analyses of treated effluent 
35 (i.e ., treated aqueous waste) for compliance with Washington State Waste Disoharge Permit. 
36 No . ST 4500 (Eoology 2000) Discharge Pennit Number ST0004500; and Final Delisting 
37 200 Area ETF [40 CFR 261, Appendix IX, Table 2 incorporated by reference by 
38 WAC 173-303-910(3) and the corresponding State Final Delisting issued pursuant to 
39 WAC 173-303-910(3) limits}. Also includes rationale for analyses. Refer to Section B.5. 

40 • 200 Area ETF Generated Waste Sampling and Analysis - describes the sampling and analyses 
41 used to characterize the secondary waste streams generated from the treatment process and to 
42 characterize waste generated from maintenance and operations activities. Also includes rationale 
43 for analyses. Characterization and designation of wastes generated from maintenance and 
44 operations activities are conducted pursuant to WAC 173-303-170 and are not subject to the 
45 permit requirements of WAC 173-303-800. These descriptions are included in this W AP for 
46 purposes of completeness, but are not enforceable conditions of this W AP or the permit. Refer to 
47 Section B.6. 

8 .1 
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1 • Quality Assurance and Quality Control - ensures the accuracy and precision of sampling and 
2 analysis activities. Refer to Section B.7. 

3 This W AP meets the specific requirements of the following: 

4 • Land Disposal Restrictions Treatment Exemption for the LERF under 40 CFR 268.4, 
5 U.S. Environmental Protection Agency (EPA), December 6, 1994 (EPA l 994t 

6 • Final Delisting 200 Area ETF [ 40 CFR 261 , Appendix IX, Table 2 incorporated by reference by 
7 WAC 173-303-910(3)]. 

8 • Corresponding State Final Delisting issued pursuant to WAC 173-303-910(3 t 

9 • Discharge Pennit Number ST0004500WashingtoH State Waste Discharge Permit (No. ST 4500), 
10 as amended~ 

11 • Hanford Facility Dangerous Waste Permit (Permit) WA7890008967, as amended. 

12 +he-Some Permit conditions requirements from Discharge Permit Number ST0004500ofthe WashingtoH 
13 State Waste Discharge Permit (ffo . ST 4 500) are included in this W AP for completeness~; as 1Nell asln 
14 addition, generator requirements for designation of wastes generated by LERF and 200 Area ETF from 
15 operation and maintenance activities are also included in this W AP for completeness. The Washington 
16 8tate Waste Discharge Permit (No. ST 4500) Discharge Permit Number ST0004500 
17 reguirementsConditions are not within the scope of RCRA or WAC 173-303 or subject to the permit 
18 requirements of WAC 173-303-800. Therefore, revisions of this W AP that are not governed by the 
19 requirements of WAC 173-303 will not be considered as a modification subject to review or approval by 
20 Ecology. Any other revisions to this W AP will be incorporated through the Permit modification process 
21 as necessary to demonstrate compliance with requirements of this Permit, including Permit 
22 Conditions-_l .E.7 and I.E.8. 

23 
24 

B.1.1 Liquid Effluent Retention Facility and 200 Area Effluent Treatment Facility 
Description 

25 The LERF and 200 Area ETF comprise an aqueous waste treatment system located in the 200 East Area. 
26 Both LERF and 200 Area ETF may receive aqueous waste through several inlets. 200 Area ETF can 
27 receive aqueous waste through three inlets. First, 200 Area ETF can receive aqueous waste directly from 
28 the LERF. Second, aqueous waste can be transferred from the 2025-ED Load-tl n Station to 200 Area 
29 ETF. Third, aqueous waste can be transferred from containers (e.g., carboys, drums) to the 200 Area ETF 
30 through either the Secondary Waste Receiving Tanks or the Concentrate Tanks . The Load-tln Station is 
31 located just east of 200 Area ETf building 2025-E and currently consists of three storage tanks and a 
32 pipeline that connects to either LERF or 200 Area ETF through fiberglass pipelines with secondary 
33 containment. 

34 The LERF can receive aqueous waste through four inlets. First, aqueous waste can be transferred to 
35 LERF through a dedicated pipeline from the 200 West Area. Second, aqueous waste can be transferred 
36 through a pipeline that connects LERF with the 242-A Evaporator. Third, aqueous waste also can be 
37 transferred to LERF from a pipeline that connects LERF to the Load--iln Station at 200 Area ETf. 
38 Finally, aqueous waste can be transferred into LERF through a series of sample ports located at each 
39 basin. 

40 The LERF consists of three lined surface impoundments with a nominal capacity of 29.5 million liters 
41 each. Aqueous waste from LERF is pumped to 200 Area ETF through a double walled fiberglass 
42 pipeline. The pipeline is equipped with leak detection located in the annulus between the inner and outer 
43 pipes. Each basin is equipped with six available sample risers constructed of 15 .2-centimeter (6-inch)-
44 perforated pipe. A seventh sample riser in each basin is dedicated to influent waste receipt piping, and an 
45 eighth riser in each basin contains liquid level instrumentation. Each riser extends along the sides of each 
46 basin from the top to the bottom of the basin. Detailed information on the construction and operation of 
47 the LERF is provided in Addendum C, Process Information. 
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1 200 Area ETF is designed to treat the contaminants anticipated in process condensate from the 
2 242-A Evaporator and other aqueous wastes from the Hanford Site. Section B.1.2 provides more 
3 information on the sources of these wastes. 

4 The capabilities of 200 Area ETF were confirmed through pilot plant testing. A pilot plant was used to 
5 test surrogate solutions that contained constituents of concern anticipated in aqueous wastes on the 
6 Hanford Site. The pilot plant testing served as the basis for a demonstration of the treatment capabilities 
7 of 200 Area ETF in the 200 Area Effluent Treatment Facility Delisting Petition (DOE/RL-92-72). 

8 200 Area ETF consists of a primary and a secondary treatment train (Figure C.4 and C.5B-:+ ). The 
9 primary treatment train removes or destroys dangerous and mixed waste components from the aqueous 

10 waste. In the secondary treatment train, the waste components are concentrated and dried into a powder. 
11 This waste is containerized, and transferred to a waste treatment, storage, and/or disposal (TSD) unit. 

12 Each treatment train consists of a series of operations. The primary treatment train includes the 
13 following: 

14 

15 

16 

17 

18 

19 

20 

21 

22 

• 
• 
• 
• 
• 
• 
• 
• 
• 

surge tank 

Filtration 

Ultraviolet light oxidation (UV /OX) 

pH adjustment 

Hydrogen peroxide decomposition 

Degasification 

Reverse osmosis (RO) 

Ion exchange 

Final pH adjustment and verification 

23 The secondary treatment train uses the following: 

24 • Secondary waste receiving 

25 • Evaporation (with mechanical vapor recompression) 

26 • Concentrate staging 

27 • Thin film drying 

28 • Container handling 

29 • Supporting systems 

30 A dry powder waste is generated from the secondary treatment train, from the treatment of an aqueous 
3 1 waste. The secondary waste treatment system typically receives and processes by-products generated 
32 from the primary treatment train. However, in an alternate operating scenario, some aqueous wastes may 
33 be fed to the secondary treatment train before the primary treatment train. 

34 The treated effluent is contained in verification tanks where the effluent is sampled to confirm that the 
35 effluent meets the delisting criteria. Under 40 CFR 261 , Appendix IX, Table 2 incorporated by reference 
36 by WAC 173-303-910(3), the treated effluent from 200 Area ETF is considered a delisted waste; that is, 
37 the treated effluent is no longer a listed dangerous waste subject to the hazardous waste management 
38 requirements ofRCRA provided that the delisting criteria are satisfied and the treated effluent does not 
39 exhibit a dangerous characteristic. The treated effluent is discharged under the Discharge Permit 
40 Number ST0004500 Washington State \\Taste Diseharge Pennit (No. ST 4500) as a nondangerous, 
41 delisted waste to the SALDS, located in the 600 Area, north of the 200 West Area. A portion of the 
42 treated wastewater from the Verification Tanks is recycled as service water throughout the facility; for 
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1 example, it is used to dilute bulk acid and caustic to meet processing needs, thereby reducing the demand 
2 for process water. 

3 B.1.2 Sources of Aqueous Waste 

4 200 Area ETF was intended and designed to treat a variety of mixed wastes. However, process 
5 condensate from the 242-A Evaporator was the only mixed waste initially identified for storage and 
6 treatment in the LERF and 200 Area ETF. As cleanup activities at Hanford progress, many of the 
7 aqueous wastes generated from site remediation and waste management activities are sent to the LERF 
8 and 200 Area ETF for treatment and storage. A brief discussion of waste streams that may be managed 
9 by LERF and 200 Area ETF in the future may be found in the 200 Area ETF Delisting Petition 

10 (DOE/RL 92 97 DOE/RL-92-72). Prior to management of any new waste streams, it may be necessary to 
11 modify this W AP through the permit modification process to ensure that adequate knowledge of such new 
12 waste streams is available prior to management of them in LERF and 200 Area ETF. 

13 The 242-A process condensate is a dangerous waste because it is derived from a listed, dangerous waste 
14 stored in the Double-Shell Tank (DST) System. The DST waste is transferred to the 242-A Evaporator 
15 where the waste is concentrated through an evaporation process. The concentrated slurry waste is 
16 returned to the DST System, and the evaporated portion of the waste is recondensed, collected, and 
17 transferred as process condensate to the LERF. 

18 Other aqueous wastes that are treated and stored at the LERF and 200 Area ETF include, but are not 
19 limited to the following Hanford wastes: 

20 • Contaminated groundwater from pump-and-treat remediation activities such as groundwater from 
21 the 200-UP- l Operable Unit; 

22 • Purgewater from groundwater monitoring activities; 

23 • Water from deactivation activities, such as water from the spent fuel storage basins at deactivated 
24 reactors (e.g., N Reactor); 

25 • Laboratory aqueous waste from unused samples and sample analyses; 

26 • Leachate from landfills, such as the Environmental Restoration Disposal Facility; 

27 • Any dilute waste, which may be accepted for treatment and within the scope ofwastewaters that 
28 maybe delisted under terms of the revised de listing (40 CFR 261 , Appendix IX, Table 2 
29 incorporated by reference by WAC 173-303-910(3)). 

30 Most of these aqueous wastes are accumulated in batches in a LERF basin for interim storage and 
31 treatment through pH and flow equalization before final treatment in 200 Area ETF. However, some 
32 aqueous wastes, such as 200-UP- l Groundwater, maybe treated on a flow through basis in LERF en route 
33 to 200 Area ETF for fina l treatment. The constituents in these aqueous wastes are common to the 
34 Hanford Site and were considered in pilot plant testing or in vendor tests, either as a constituent or as a 
35 family of constituents. According to the Final Delisting 200 Area ETF, and Permit 
36 Condition- III.3 .B.7+.¼.t, all wastes accepted for treatment at 200 Area ETF must be within a specified 
37 treatability envelope that ensures that wastes will be within the treatment capability of 200 Area ETF. 

38 B.2 Influent Waste Acceptance Process 

39 Throughout the acceptance process, there are specific criteria required for an influent waste (i.e., aqueous 
40 waste) to be accepted at the LERF and/or 200 Area ETF. These criteria are identified in the following 
41 sections and summarized in Table B.2. The process of accepting a waste into the LERF and 200 Area 
42 ETF systems involves a series of steps, as follows. 

43 • Waste information : The generator of an aqueous waste works with LERF and 200 Area ETF 
44 personnel to provide characterization data of the waste stream (Section B.2. 1 ). 
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I • Waste management decision process~ LERF and 200 Area ETF management decision is based 
2 on a case-by-case evaluation of whether an aqueous waste stream is acceptable for treatment or 
3 storage at LERF and the 200 Area ETF. The evaluation has two categories: 

4 
5 
6 

o Regulatory acceptability: a review to determine if there are any, regulatory concerns that 
would prohibit the storage or treatment of an aqueous waste in the LERF or 200 Area ETF; 
e.g., treatment would meet permit conditions that would comply with applicable regulations. 

7 o Operational acceptability: an evaluation to determine if there are any operational concerns 
8 that would prohibit the storage or treatment of an aqueous waste in the LERF or 200 Area 
9 ETF and storage of treatment residuals; e.g., determine treatability and compatibility or safety 

IO considerations (Section B.2.2 .2) . 

11 B.2.1 Waste Information 

12 When an aqueous waste stream is identified for treatment or storage in the LERF or 200 Area ETF, the 
13 generator is required to characterize the waste stream according to the requirements in Section B.2.1.1 
14 and document the results of characterization on an aqueous waste profile sheet. Thi s requirement is the 
15 first waste acceptance criterion. The LERF and 200 Area ETF personnel work with the generators to 
16 ensure that the necessary information is collected for the characterization of a waste stream (i.e. , the 
17 appropriate analyses or adequate knowledge), and that the information provided on the waste profile sheet 
18 is complete. The completed waste profile sheet is maintained in the Hanford Facility Operating Record, 
19 LERF and 200 Area ETF File according to Permit Condition 11.I. l.j. 

20 B.2.1.1 Waste Characterization 

21 Because the constituents in the individual aqueous waste streams vary, each waste stream is characterized 
22 and evaluated for acceptability on a case-by-case basis. The generator is required to designate an aqueous 
23 waste, which generally will be based on analytical data. However, a generator may use knowledge to 
24 substantiate the waste designation, or for general characterization information. Examples of acceptable 
25 knowledge include the following: 

26 • Documented data or information on processes similar to that which generated the aqueous waste 
27 stream 

28 • Information/documentation that the waste stream is from specific, well documented processes, 
29 e.g., F-listed wastes 

30 • Information/documentation that sampling/analyzing a waste stream would pose health and safety 
31 risks to personnel 

32 • Information/documentation that the waste stream does not lend itself to collecting a laboratory 
33 sample for example, wastewater collected (e.g., sump, tank) where the source water 
34 characterization is documented. Typically, these circumstances occur at decommissioned 
35 buildings or locations, not at operating units . 

36 When a generator performs characterization of a dangerous and/or mixed waste stream based on 
37 knowledge, LERF and 200 Area ETF personnel review the knowledge as part of the waste acceptance 
38 process to ensure the knowledge satisfies the definition of knowledge in WAC 173-303-040. Specifically, 
39 LERF and 200 Area ETF personnel review the generator's processes to verify the integrity of the 
40 knowledge, and determine whether the knowledge is current and consistent with requirements of this is 
41 W AP. LERF and 200 Area ETF management or their designee determines the final decision on the 
42 adequacy of the knowledge. The persons reviewing generator process knowledge and those making 
43 decisions on the adequacy of knowledge are trained according to the requirements of Addendum G, 
44 Personnel Training. 

45 
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The generator is also responsible for identifying Land Disposal Restrictions (LDRs) treatment standards 
2 applicable to the influent aqueous waste as part of the characterization, as required under 40 CFR 268.40 
3 incorporated by reference by WAC 173-303-140. Because the 200 Area ETF main treatment train is a 
4 Clean Water Act, equivalent treatment unit [ 40 CFR 268.37(a)] incorporated by reference by 
5 WAC 173-303-140, generators are not required to identify underlying hazardous constituents for 
6 characteristic wastes pursuant to 40 CFR 268.9, incorporated by reference by WAC 173-303-140, for 
7 wastewaters (i.e., < l percent total suspended solids and < l percent total organic carbon). The 200 Area 
8 ETF secondary waste (e.g., powder) reflects a change in LDR treatability group (i.e. , wastewater to non-
9 wastewater) so there is a new LDR point of generation, at which point any characteristic and associated 

10 underlying hazardous constituents must be identified. Therefore, generators of a non-wastewater may be 
11 required to identify underlying hazardous constituents for characteristic wastes pursuant to 40 CFR 268.9, 
12 incorporated by reference by WAC 173-303-140. 

13 When analyzing an aqueous waste stream for LERF and 200 Area ETF waste acceptance characterization, 
14 a generator is required to use the target list of parameters identified in Table B.3 , of this WAP. This 
15 requirement is in addition to any analysis required for purposes of designation under WAC 173-303-070. 
16 These data are used by LERF and 200 Area ETF to verify the treatability of an aqueous waste stream, and 
17 to develop a treatment plan for the waste after acceptance. Refer to Table B.6, for the corresponding 
18 analytical methods. The generator may use knowledge in lieu of some analyses, as determined by LERF 
19 and 200 Area ETF management or their designee, if the knowledge satisfies the definition of knowledge 
20 in WAC 173-303-040. For example if a generator provides information that the process generating an 
21 aqueous waste does not include or involve organic chemicals, analyses for organic compounds likely 
22 would not be required. Additional analyses could be required if historical information and/or knowledge 
23 indicate that an aqueous waste contains constituents not included in the target list of parameters. 

24 The characterization and historical information are documented in the waste profile sheet, which is 
25 discussed in the following section and is part of the Hanford Facility Operating Record, LERF and 
26 200 Area ETF File according to Permit Condition II.I. 

27 B.2.1.2 Aqueous Waste Profile Sheet 

28 The waste profile sheet documents the characterization of each new aqueous waste stream. The profile 
29 includes a detailed description of the source, volume, waste designation and applicable LDR treatment 
30 standards, and physical nature (wastewater or non-wastewater) of the aqueous waste. For an aqueous 
31 waste to be accepted for treatment or storage in the LERF or 200 Area ETF, each new waste stream 
32 generator is required to complete and provide this form to LERF and 200 Area ETF management. Each 
33 generator also is required to provide the analytical data and/or knowledge used to designate the aqueous 
34 waste stream according to WAC 173-303-070 and to determine the chemical and physical nature of the 
35 waste. 

36 The LERF and 200 Area ETF management determine whether the information on the waste profile sheet 
37 is sufficient according to the criteria above. The LERF and 200 Area ETF management use this 
38 information to evaluate the acceptability of the aqueous waste stream for storage and treatment in the 
39 LERF and 200 Area ETF, and to determine if the secondary waste generated from treatment is acceptable 
40 for storage at the 200 Area ETF and has a defined path forward to final disposal. 

41 B.2.2 Waste Management Decision Process 

42 All aqueous waste under consideration for acceptance must be characterized using analytical data and/or 
43 knowledge. This information is used to determine the acceptability of an aqueous waste stream. The 
44 LERF and 200 Area ETF Facility Manager or their designee is responsible for making the decision to 
45 accept or reject an aqueous waste stream. The management decision to accept any aqueous waste stream 
46 is based on an evaluation ofregulatory acceptability and operational acceptability. Each evaluation uses 
4 7 acceptance criteria, which were developed to ensure that an aqueous waste is managed in a safe, 
48 environmentally sound, and in compliance with this Permit. The following sections provide detail on the 
49 acceptance evaluation and the acceptance criteria. 

B.7 



PCN-LERF-ETF-2015-02 

1 An aqueous waste stream could be rejected for one of the following reasons : 

WA 7890008967 
LERF and 200 Area ETF 

2 • The paperwork and/or laboratory analyses from the generator are insufficient 

3 • Discrepancies with the regulatory and operational acceptance criteria cannot be reconciled, 
4 including: 

5 o An aqueous waste, which is not allowed under the currentWashington State Waste Discharge 
6 Permit (No. ST 4500) or Final Delisting 200 Area ETF, and LERF and 200 Area ETF 
7 management elect not to pursue an amendment, or the Permit and Final Delisting 200 Area 
8 ETF cannot be amended (Section B.2.2.1) 

9 o An aqueous waste is incompatible with LERF liner materials or with other aqueous waste in 
10 LERF and no other management method is available (Section B.2.2.3 . lB.2.2.2.2). 

11 Adequate storage or treatment capacity is not available. 

12 B.2.2.1 Regulatory Acceptability 

13 Each aqueous waste stream is evaluated on a case-by-case basis to determine if there are any regulatory 
14 concerns that would preclude the storage or treatment of a waste in the LERF or 200 Area ETF based on 
15 the criteria in Sections B.2 .2.1.1 and B.2 .2.1.2. Before an aqueous waste can be stored or treated in either 
16 the LERF or 200 Area ETF, the waste designation must be determined. Information on the waste 
17 designation of an aqueous waste is documented in the waste profile sheet. This information is used to 
18 confirm that treating or storing the aqueous waste in the LERF or 200 Area ETF is allowed under and in 
19 compliance with WAC 173-303, Permit (WA 7890008967), 200 Area ETF Delisting Final Delisting 
20 200 Area ETF in 40 CFR 261 , Appendix IX, Table 2 incorporated by reference by WAC 173-303-910(3), 
21 and the corresponding State-Issued Delisting, and the Washington State Waste Discharge Permit 
22 (No. ST 4500) for 200 Area ETF. 

23 B.2.2.1.1 Dangerous Waste Regulations, State and Federal Delisting Actions, and 
24 Permits 

25 Before an aqueous waste stream is sent to the LERF or 200 Area ETF, the generator will characterize and 
26 designate the stream with the appropriate dangerous/hazardous waste numbers according to 
27 WAC 173-303-070. Addendum A, the 200 Area ETF Delisting Final Delisting 200 Area ETF and the 
28 corresponding State-Issued Delisting identify the specific waste numbers for dangerous/mixed waste that 
29 can be managed in the LERF and 200 Area ETF. Dangerous waste designated with waste numbers not 
30 specified in these documents cannot be treated or stored in the LERF or 200 Area ETF, unless the 
31 documents are appropriately modified. 

32 Additionally, aqueous wastes designated with listed waste numbers identified in the 200 Area ETF 
33 Delisting Final Delisting 200 Area ETF and the corresponding State-Issued Delisting will be managed in 
34 accordance with the conditions of the delisting, or an amended delisting. 

35 B.2.2.1.2 State '.!'laste Permit RegYlations!Permit 

36 Compliance with the Washington State Waste Discharge Permit (No. ST 4 500). constitutes another v,raste 
3 7 acceptance criterion. lfl accordance 1Nith the permit conditions of the 'Nashington State \Vaste Discharge 
38 Permit (No. ST 4500), the constituents of concern in each new aqueous waste stream must be identified. 
39 The waste designation and characteriwtion data proYided by the generator are used to identify these 
40 constituents. The Washington State 'Naste Discharge Permit (No. ST 4 500), defines a constituent of 
41 concern in an aqueous waste stream, under the conditions of the Discharge Permit, as any contaminant 
42 i.Yith a maximum concentration greater than one of the following: 

43 Any limit in the Washington State Waste Discharge Permit (No. ST 4500) 

44 Groundwater Quality Criteria (WAC 173 200) 

45 Final Delisting level (40 CFR 261 , Appendix IX, Table 2) 

8.8 



I --

PC -LERF-ETF-2015-02 

The corresponding State Issued Delisting 

WA 7890008967 
LEili and 200 Area ETF 

2 Background groundwater concentration as measured at the SALOS disposal site. The practical 
3 quantification limit (PQL) is used for the groundwater background concentration for constituents 
4 not analyzed or not detected in the SALDs background data . 

5 The Permit conditions of the Washington State 'Naste Discharge Permit (No. ST 4500), also require a 
6 demonstration that 200 Area ETF can treat the constituents of concern to below discharge limits. 

7 B.2.2.2 Operational Acceptability 

8 Because the operating configuration or operating parameters at the LERF and 200 Area ETF can be 
9 adjusted or modified, most aqueous waste streams generated on the Hanford Site can be effectively 

10 treated to below Delisting and Discharge Permit limits. Because of this flexibility, it would be 
11 impractical to define numerical acceptance or decision limits. Such limits would constrain the acceptance 
12 of appropriate aqueous waste streams for treatment at the LERF and 200 Area ETF. The versatility of the 
13 LERF and 200 Area ETF is better explained in the following examples: 

14 • The typical operating configuration of 200 Area ETF is to process an aqueous waste through the 
15 UV/OX unit first, followed by the RO unit. However, high concentrations of nitrates may 
16 interfere with the performance of the UV/OX. In this case, 200 Area ETF could be configured to 
17 process the waste in the RO unit prior to the UV /OX unit. 

18 • For a small volume aqueous waste with high concentrations of some anions and metals, the 
19 approach may be to first process the waste stream in the secondary treatment train. This approach 
20 would prevent premature fouling or scaling of the RO unit. The liquid portion (i.e., untreated 
21 overheads from 200 Area ETF evaporator and thin film dryer) would be sent to the primary 
22 treatment train. 

23 • An aqueous waste with high concentrations of chlorides and fluorides may cause corrosion 
24 problems when concentrated in the secondary treatment train. One approach is to adjust the 
25 corrosion control measures in the secondary treatment train. An alternative may be to blend this 
26 aqueous waste in a LERF basin with another aqueous waste, which has sufficient dissolved 
27 solids, such that the concentration of the chlorides in the secondary treatment train would not 
28 pose a corrosion concern. 

29 • Some metal salts (e.g., barium sulfate) tend to scale the RO membranes. In this situation, 
30 descalants used in the treatment process may be increased. 

31 • Any effluent that does not meet these limits in one pass through 200 Area ETF treatment process 
32 is recycled to 200 Area ETF for re-processing. 

33 There are some aqueous wastes, whose chemical and physical properties preclude that waste from being 
34 treated or stored at the LERF or 200 Area ETF. Accordingly, an aqueous waste is evaluated to determine 
35 if it is treatable, if it would impair the efficiency or integrity of the LERF or 200 Area ETF, and if it is 
36 compatible with materials in these units. This evaluation also determines if the aqueous waste is 
37 compatible with other aqueous wastes managed in the LERF. 

38 The waste acceptance criteria in this category focus on determining treatabi lity of an aqueous waste 
39 stream, and on detennining any operational concerns that would prohibit the storage or treatment of an 
40 aqueous waste stream in the LERF or 200 Area ETF. The chemical and physical properties of an aqueous 
41 waste stream are determined as part of the waste characterization, and are documented on the waste 
42 profile sheet and compared to the design of the units to determine whether an aqueous waste stream is 
43 appropriate for storage and treatment in the LERF and 200 Area ETF. All decisions and supporting 
44 rationale and data will be documented in the Hanford Facility Operating Record, LERF and 200 Area 
45 ETF File according to Permit Condition II.I. 
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B.2.2.3 Special Requirements Pertaining to Land Disposal Restrictions 

2 Containers of200 Area ETF secondary waste are transferred to a storage or final disposal unit, as 
3 appropriate (e.g. , the Central Waste Complex or to the Environmental Restoration Disposal Facility). 
4 200 Area ETF personnel provide the analytical characterization data and necessary process knowledge for 
5 the waste to be managed by the receiving staff, and the appropriate LDR documentation. 

6 The following information on the secondary waste is included on the LDR documentation provided to the 
7 receiving unit: 

8 • Dangerous waste numbers (as applicable) 

9 • Determination on whether the waste is restricted from land disposal according to the requirements 
10 of 40 CFR 268 incorporated by reference by WAC 173-303-140 (i.e., the LDR status of the 
11 waste) 

12 The waste tracking information associated with the transfer of waste 

13 • Waste analysis results. 

14 Generally, the operating parameters or operating configuration at the LERF or 200 Area ETF can be 
15 adjusted or modified to accommodate these properties. However, in those cases where a treatment 
16 process or operating configuration cannot be modified, the aqueous waste stream will be excluded from 
17 treatment or storage at the LERF or 200 Area ETF. Additionally, an aqueous waste stream is evaluated 
18 for the potential to deposit solids in a LERF basin (i.e., whether an aqueous waste contains sludge or 
19 could precipitate solids). This evaluation will also consider whether the blending or mixing of two or 
20 more aqueous waste streams wi II result in the formation of a precipitate. However, because the waste 
21 streams managed in the LERF and 200 Area ETF are generally dilute, the potential for mixing waste 
22 streams and forming a precipitate is low; no specific compatibility tests are performed. Filtration at the 
23 waste source could be required before acceptance into LERF. Waste streams with the potential to form 
24 precipitates in LERF or that cannot be blended with other waste streams to avoid precipitate formation are 
25 not accepted for treatment at LERF and 200 Area ETF. The 2025-ED Load--iln StationFacility has the 
26 ability to perform filtration on incoming waste streams going to both the LERF and 200 Ania ETF 
27 2025-ED Load-:.-il n Station. See additional discussions of precipitate formation and compliance with 
28 LDR requirements in Section B.3 . Similar filtration requirements could apply to aqueous waste fed 
29 directly to 200 Area ETF without interim treatment in LERF. 

30 To determine if an aqueous waste meets the criterion of treatability, specific information is required. 
31 Treatability of a waste stream is evaluated from characterization data provided by the generator as 
32 verified through the waste acceptance process, the 200 Area waste acceptance criteria, and the treatability 
33 envelope for the 200 Area ETF as documented in Tables C. land C.2 of the November 29, 2001 delisting 
34 petition. Generators will also provide characterization data to identify those physical and chemical 
35 properties that would interfere with, or foul 200 Area ETF treatment process in consultation with LERF 
36 and 200 Area ETF representatives. In some instances, knowledge that meets the definition of knowledge 
37 in WAC 173-303-040 is used for purposes of identifying a chemical or physical property that would be of 
38 concern. For example, the generator could provide knowledge that the stream has two phases (an oily 
39 phase and an aqueous phase). In this case, if the generator could not physically separate the two phases, 
40 the aqueous waste stream would be rejected because the oily phase could compromise some of the 
41 treatment equipment. Typically, analyses for the following parameters are required to evaluate 
42 treatability and operational concerns: 

• total dissolved solids • barium • nitrite 

• total organic carbon • calcium • phosphate 

• total suspended solids • chloride • potassium 
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• specific conductivity • 

• pH • 

• alkalinity • 

• ammorna • 

fluoride 

iron 

magnesium 

nitrate 
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• silicon 

• sodium 

• sulfate 

• 

1 These constituents are identified in Table B.2, which is the li st of target analytes used for waste 
2 characterization and waste acceptance evaluation. 

3 B.2.2.3.1 Compatibility 

4 Corrosion Control. Because of the materials of construction used in 200 Area ETF, corrosion is 
5 generally not a concern with new aqueous waste streams. Additionally, these waste streams are managed 
6 in a manner that minimizes corrosion. To ensure that a waste will not compromise the integrity of 
7 200 Area ETF tanks and process equipment, each waste stream is assessed for its corrosion potential as 
8 part of the compatibility evaluation. This assessment usually focuses on chloride and fluoride 
9 concentrations; however, the chemistry of each new waste also is evaluated for other parameters that 

IO could cause corrosion. 

11 Compatibility with Liquid Effluent Retention Facility Liner and Piping. As part of the acceptance 
12 process, the criteria of compatibility with the LERF liner materials are evaluated for each aqueous waste 
13 stream. This evaluation is performed using knowledge (as defined by WAC 173-303-040) of constituent 
14 concentrations in the aqueous waste stream or using constituent concentrations obtained by analyzing the 
15 waste stream for the constituents identified in Table B. l using the analytical methods for these 
16 constituents in Section B.8-Eh9. Then, the constituent concentrations in the waste stream are compared to 
17 the decision criteria in Table B. I . If all constituent concentrations are below the decision criteria, then the 
18 waste stream is considered compatible with the LERF liner and may be accepted for treatment. 
19 Otherwise, the waste stream is considered incompatible with the LERF liner, and it cannot be accepted for 
20 treatment in the LERF basins. However, a waste stream may still be acceptable for treatment in 200 Area 
21 ETF if it is fed directly to 200 Area ETF, bypassing the LERF Basins. Results of this evaluation are 
22 documented in the Hanford Facility Operating Record, LERF and 200 Area ETF File according to Pennit 
23 Condition II.I. The rational for establishing the liner compatibility constituents and decision criteria in 
24 Table B. l is as follows: The high-density polyethylene liners in the LERF basins potentially are 
25 vulnerable to the presence of certain constituents that might be present in some aqueous waste. Using 
26 EPA SW-846, Method 9090, the liner materials were tested to evaluate compatibility between aqueous 
27 waste stored in the LERF and synthetic liner components. Based on the data from the compatibility test 
28 and vendor data on the liner materials, several constituents and parameters were identified as potentia lly 
29 harmful (at high concentrations) to the integrity of the liners . From these data and the application of 
30 safety factors, concentration limits in Table B. l were established. 

3 I The strategy for protecting the integrity of a LERF liner is to establish upfront that an aqueous waste is 
32 compatible before the waste is accepted into LERF. Characterization data on each new aqueous waste 
33 stream are compared to the limits outlined in Table B . l to ensure compatibility with the LERF liner 
34 material before acceptance into the LERF. 

35 Before a waste stream is processed at the 242-A Evaporator, the generator reviews DST analytical data 
36 and a process condensate profile is developed to ensure the process condensate is compatible with the 
37 LERF liner. For flow through aqueous wastes like the 200-UP-I Groundwater, characterization data will 
38 be obtained and reviewed every two years to ensure that liner compatibility is maintained. 

39 In some instances, knowledge may be adequate to determine that an aqueous waste is compatible with the 
40 LERF liner. When knowledge is used, it must satisfy the definition of knowledge in WAC 173-303-040. 
41 In those instances where knowledge is adequate, the waste characterization would likely not require 
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1 analysis for these parameters and constituents. Storm water is an example where knowledge is adequate 
2 to determine that this aqueous waste is compatible with the LERF liner. 

3 Compatibility with Other Waste. Some aqueous wastes, especially small volume streams, are 
4 accumulated in the LERF with other aqueous waste. Before acceptance into the LERF, the aqueous waste 
5 stream is evaluated for its compatibility with the resident aqueous waste(s). The evaluation focuses on 
6 the potential for an aqueous waste to react with another waste (40 CFR 264, Appendix V, Examples of 
7 Potentially Incompatible Wastes) including formation of any precipitate in the LERF basins. However, 
8 the potential for problems associated with commingling aqueous wastes is very low due to the dilute 
9 nature of the wastes; this evaluation confirms the compatibility of two or more aqueous wastes from 

10 different sources. Compatibility is determined by evaluating parameters such as pH, ammonia, and 
11 chloride. No specific analytical test for compatibility is performed. 

12 If it is determined that an aqueous waste stream is incompatible with other aqueous waste streams, 
13 alternate management scenarios are available. For example, another LERF basin that contains a 
14 compatible aqueous waste(s) might be used, or the aqueous waste stream might be fed directly into 
15 200 Area ETF for treatment. In any case, potentially incompatible waste streams are not mixed, and all 
16 aqueous waste is managed in a way that precludes a reaction, degradation of the liner, or interference with 
17 200 Area ETF treatment process. 

18 B.2.3 Periodic Review Process 

19 In accordance with WAC 173-303-300(4)(a), an influent aqueous waste will be periodically reviewed as 
20 necessary to ensure that the characterization is accurate and current. At a minimum, an aqueous waste 
21 stream will be reviewed in the following situations. 

22 • The LERF and 200 Area ETF management have been notified, or have reason to believe that the 
23 process generating the waste has changed. 

24 • The LERF and 200 Area ETF management note an increase or decrease in the concentration of a 
25 constituent in an aqueous waste stream, beyond the range of concentrations that was described or 
26 predicted in the waste characterization. 

27 • Waste streams will be reviewed every two years0 

28 In these situations, LERF and 200 Area ETF management will review the available information. If 
29 existing analytical information is not sufficient, the generator may be asked to review and update the 
30 current waste characterization, to supply a new WPS, or re-sample and re-analyze the aqueous waste, as 
31 necessary. Other situations that might require a re-evaluation of a waste stream are discussed in the 
32 following sections. 

33 B.2.4 Record/Information and Decision 

34 The information and data collected throughout the acceptance process, and the evaluation and decision on 
35 whether to accept an influent aqueous waste stream for treatment or storage in the LERF or 200 Area ETF 
36 are documented as part of Hanford Facility Operating Record, LERF and 200 Area ETF File pursuant to 
37 Permit Condition II.I. Specifically, the Hanford Facility Operating Record, LERF and 200 Area ETF File 
38 contains the following components on a new influent aqueous waste stream: 

39 • The signed WPS for each aqueous waste stream and analytical data 

40 • Knowledge used to characterize a dangerous/mixed waste (under WAC 173-303), and 
41 information supporting the adequacy of the knowledge 

42 • The evaluation on whether an aqueous waste stream meets the waste acceptance criteria, 
43 including: 

44 

45 

o The evaluation for regulatory acceptability including appropriate regulatory approvals 

o The evaluation for LERF liner compatibility and for compatibility with other aqueous waste 
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Table B.1. General Limits for Liner Compatibility 

Chemical Family Constituent(s) or Parameter(s)1 

Alcohol/glycol 1-butanol 

Alkanone3 acetone, 

Alkenone4 none targeted 
Aromatic/cyclic acetophenone, benzene, carbozole, chrysene, cresol, 
hydrocarbon di-n-octyl phthalate, diphenylamine, isophorone, pyridine, 

tetrahydrofuran 
Halogenated arochlors, carbon tetrachloride, chloroform, 
hydrocarbon hexachlorobenzene, lindane (gamma-BHC), 

hexachlorocyclopentad iene, methylene chloride, 
p-chloroaniline, tetrachloroethvlene, 2,4,6-trichlorophenol 

Aliphatic hydrocarbon none targeted 
Ether dichloroisopropyl ether 

Other hydrocarbons acetontrile, carbon disulfide, n-nitrosodimethylamine, tributyl 
phosphate 

Oxidizers none targeted 
Acids, Bases, Salts ammonia, cyanide, anions, cations 

pH pH 
1 Analytical methods for the Qarameters and constituents are Qrovided in Section 8.8. 

WA 7890008967 
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Limit {mglb}2 

(sum of 
constituent 

concentrations) 
500,000 mg/L 
500,000 QQm 
200,000 mg/L 
200,000 QQm 
NIA 
2,000 mg/L 
2,000 QQm 

2,000 mg/L 
2,000 QQm 

NIA 
2,000 mg/L 
2,000 QQm 
2,000 mg/L 
2,000 QQm 
NA 
l 00,000 mg/L 
100,000 QQm 
0.5 < pH < 13.0 

2Analytical data are evaluated using the following 'sum of the fraction' techn igue. The individual constituent 
concentration is evaluated against the comQatibility limit for its chemical family. The sum of the evaluations 
must be less than 1. QH is not Qart of this evaluation. 

IC Conca ) ~ 1 
n= I LIMITa 

3Ketone containing saturated alkyl grouQ(s) 
4Ketone containing unsaturated alkyl grouQ(s) 
Where 'i' is the number of organic constituents detected 
mg/L = milligrams Qer liter 
QQm = Qarts Qer million 
NA = not aQQlicable 

+Analytieal methods for the parameters and eonstituents are proYided in Seetion B.9 
;!Analytieal data are e•ialuated using the following 'sBm of the fraction' teclIBique. The indiYidual constituent 
coneentration is e~'aluated against the compatibility limit for its chemical family. The sum of the eYaluations must 
be less than I . pH is not part of this evaluation. 

IC Conca ) ~ 1 
n=l LIMITa 

~Ketone containing saturated alkyl group(s) 
4Ketone containing unsarurated alkyl group(s) 
Where 'i' is the rR1mber of organic constituents detected 
1=HWl, - milligrams per liter 
NA not applicable 

B.13 



PCN-LERF-ETF-2015-02 

General Criteria 
Categorv 
I . Characterization 

2. Regulatory acceptability 

3. Operational acceptabi lity 
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Table 8.2. Waste Acceptance Criteria 

Criteria description 

A. Each generator must provide an aqueous waste profile. 

B. Each generator must designate the aqueous waste stream. 

C. Each generator must provide analytical data and/or knowledge. 

A. The LERF and 200 Area ETF can store and treat influent aqueous wastes with 
waste numbers identified in Addendum A for the LERF and 200 Area ETF, 
and the Final Delisting 200 Area ETF200 Area ETF Delisting, 40 CFR 261 , 
A1212endix IX, Table 2 incomorated by reference by WAC 173-303-910(3). 

B. The aqueous waste must comply with conditions of the Discharge Permit. 

A. Determine whether an aqueous waste stream is treatable, considering: 

I. Whether the removal and destruction efficiencies on the constituents of 
concern will be adequate to meet the Discharge Permit and Delisting 
levels 

2. Other treatability concerns; analyses for this evaluation may include: 

total dissolved solids iron 

total organic carbon magnesium 

total suspended solids nitrate 

specific conductivity nitrite 

alkalinity phosphate 

ammonia potassium 

barium silicon 

calcium sodium 

chloride sulfate 

fluoride pH 

B. Determine whether an aqueous waste stream is compatible, considering: 

I. Whether an aqueous waste stream presents corrosion concerns with 
respect to 200 Area ETF; analysis may include chloride and fluoride 

2. Whether an aqueous waste stream is compatible with LERF liner 
materials, compare characterization data to the liner compatibility limits 
(Table B.l). 

3. Whether an aqueous waste stream is compatible with other aqueous 
waste(s), 40 CFR 264, Appendix V, comparison will be used. 

B.3 Special Management Requ irements 

2 Special management requirements for aqueous wastes that are managed in the LERF or 200 Area ETF are 
3 discussed in the following section. 

4 B.3.1 Land Disposal Restriction Compliance at Liquid Effluent Retention Facility 

5 Because LERF provides treatment through flow and pH equalization, a surface impoundment treatment 
6 exemption from the land disposal restrictions was granted in accordance with 40 CFR 268.4, and 
7 WAC I 73-303-040. This treatment exemption is subject to several conditions, including a requirement 
8 that the W AP address the sampling and analysis of the treatment 'residue' [ 40 CFR 268.4(a)(2)(i) and 
9 WAC l 73-303-300(5)(h)(i) and (ii)] to ensure the 'residue' meets applicable treatment standards. Though 
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I the term 'residue' is not specifically defined, this condition further requires that sampling must be 
2 des igned to represent the "sludge and the supernatant" indicating that a residue may have a sludge (solid) 
3 and supernatant (liquid) component. 

4 Solid residue is not anticipated to accumulate in a LERF bas in for the fo llowing reasons: 

5 Aqueous waste streams containing sludge would not be accepted into LERF under the acceptance 
6 criteria of treatability (Section B.2 .2.3 . l B.2.2.2.1) 

7 o solid residue was reported from process condensate discharged to LERF in 1995 

8 The LERF bas ins are covered and all incoming air first passes through a breather filter 

9 o precipitating or flocculating chemicals are used in flow and pH equalization. 

10 Multiple waste streams managed in a single LERF basin are evaluated for the formation of 
11 precipitates. Wastes that would form precipitates are not accepted for treatment at LERF. 

12 Therefore , the res idue component subject to this condition is the supernatant (liquid component). 
13 Additionally, an aqueous waste stream is evaluated for the potential to deposit solids in a LERF basin 
14 (i.e. , an aqueous waste that contains suspended solids) . If necessary, fil tration at the waste source could 
15 be required before acceptance into LERF. Therefore, the res idue component in LERF subj ect to this 
16 condition is the supernatant (liquid component). The contingency for removal of solids will be addressed 
17 during closure in Addendum H, Closure Plan. 

18 The conditions of the treatment exemption also require that treatment res idues (i .e., aqueous wastes), 
19 which do not meet the LOR treatment standards "must be removed at least annually" 
20 [ 40 CFR 268.4(a)(2)( ii) incorporated by reference by WAC 173-303-140]. To address the conditions of 
21 this exemption, an influent aqueous waste is sampled and analyzed and the LOR status of the aqueous 
22 waste is established as part of the acceptance process. The LERF basins are then managed such that any 
23 aqueous waste(s) , which exceeds an LOR standard, is removed annually from a LERF bas in, except fo r a 
24 heel of approximately 1 meter (3 feet) . A heel is required to stabilize the LERF liner. The volume of the 
25 heel is approximately 1.9 million 2,082,000 liters (550,006 gallons). 

26 B.4 Influent Aqueous Waste Sampling and Analysis 

27 The fo llowing secti ons provide a summary of the sampling procedures, frequencies, and analytical 
28 parameters for characterization of influent aqueous waste (Section B.2) and in support of the special 
29 management requirements fo r aqueous waste in the LERF (Section B.3). 

30 B.4.1 Sampling Procedures 

31 With a few exceptions, generators are responsible for the characterization, including sampling and 
32 analysis, of an influent aqueous waste. Process condensate is either sampled at the 242-A Evaporator or 
33 accumulated in a LERF basin fo llowing a 242-A Evaporator campaign and sampled. Other exceptions 
34 will be handled on a case-by-case basis and the Hanford Facility Operating Record, LERF and 200 Area 
35 ETF File will be maintained at the unit for inspection by Ecology. The fo llowing section discusses the 
36 sampling locations, methodologies, and frequencies for these aqueous wastes. For samples collected at 
37 the LERF and 200 Area ETF, unit-specific sampling protocol is followed. The sample containers, 
38 preservation materials, and holding times for each analysis are listed in Section B.8M . 

39 B.4.1 .1 Batch Samples 

40 In those cases where an aqueous waste is sampled in a LERF basin, samples are collected from fo ur of the 
4 1 six avai lable sample ri sers located in each basin, i.e. , fo ur separate samples. When LERF levels are low, 
42 fewer than four samples can be taken if the sampling approach is sti ll representati ve. Though there are 
43 eight sample risers at each bas in, one is dedicated to liquid level instrumentati on and another is dedicated 
44 as an influent port. Operating experience ind icates that fo ur samples adequately capture the spatial 
45 variability ofan aqueous waste stream in the LERF bas in . Specifically, sections of stainless steel (or 
46 other compatible material) tubing are inserted into the sample ri ser to an appropriate depth . Using a 
47 portable pump, the sample line is flushed with the aqueous waste and the sample collected. The grab 
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1 sample containers typically are filled for volatile organic compounds (VOC) analysis first , followed by 
2 the remainder of the containers for the other parameters. 

3 Several sample ports are also located at 200 Area ETF, including a valve on the recirculation line at 
4 200 Area ETF surge tank, and a sample valve on a tank discharge pump line at 200 Area ETFthe 
5 2025-ED Load-tin Station. All samples are obtained at the LERF or 200 Area ETF are collected in a 
6 manner consistent with SW-846 procedures (EPA as amended). 

7 B.4.2 Analytical Rationale 

8 As stated previously, each generator is responsible for designating and characterizing an aqueous waste 
9 stream. Accordingly, each generator samples and analyzes an influent waste stream using the target list 

10 of parameters (Table B.3) for the waste acceptance process. At the discretion of the LERF and 200 Area 
11 ETF management, a generator may provide knowledge in lieu of some analyses as discussed in 
12 Section B.2.1.1. The LERF and 200 Area ETF personnel will work with the generator to determine 
13 which parameters are appropriate for the characterization. 

14 The analytical methods for these parameters are provided in Section B.8B-:-9. All methods are EPA 
15 methods satisfying the requirements of WAC 173-303-110(3). Additional analyses may be required if 
16 historical information and knowledge indicate that an influent aqueous waste contains constituents not 
17 included in the target list of parameters. For example, if knowledge indicates that an aqueous waste 
18 contains a parameter that is regulated by the Groundwater Quality Criteria (WAC 173-200), that 
19 parameter(s) would be added to the suite of analyses required for that aqueous waste stream. 

20 The analytical data for the parameters presented in Table B .3, including VOC, SVOC, metals, anions, and 
21 general chemistry parameters are used to define the physical and chemical properties of the aqueous 
22 waste for the following: 

23 Set operating conditions in the LERF and 200 Area ETF (e.g., to determine operating 
24 configuration , refer to Section B.2 .2.2) 

25 Identify concentrations of some constituents which may also interfere with, or foul 200 Area ETF 
26 treatment process (e.g., fouling of the RO membranes, refer to Section B .2.2.2) 

27 Evaluate LERF liner and piping material compatibility 

28 Determine treatability to evaluate if applicable constituents in the treated effluent will meet 
29 Discharge Permit and Delisting limits 

30 Estimate concentrations of some constituents in the waste generated in the secondary treatment 
31 train (i.e., dry powder waste). 

32 
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Table B.3. Target Parameters for Influent Aqueous Waste Analyses 

VOLATILE ORGANIC COMPOUNDS SEMIVOLATILE ORGANIC COMPOUNDS 
Acetone 
Acetonitrile 
Benzene 
1-Butanol 
Carbon disulfide 
Carbon tetrachloride 
Chloroform 
Methylenechloride 
Tetrachloroethylene 
Tetrahydrofuran 

TOT AL METALS 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Copper 
Iron 
Lead 

Magnesium 
Mercury 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Vanadium 
Zinc 

Acetophenone 
Cresol (o, p, m) 
Dichloroisopropyl ether (bis(2-ch loropropyl)ether) 
Di-n-octyl phthalate 
Diphenylamine 
Hexachlorobenzene 
Hexach lorocyclopentadiene 
Iosophorone 
Lindane (gamma-BHC) 
N-nitrosodimethylamine 
Pyridine 
Tributyl phosphate 
2,4,6-Trichlorophenol 
ANIONS 
Chloride 
Fluoride 
Nitrate 
Nitrite 
Phosphate 
Sulfate 
GENERAL CHEMISTRY PARAMETERS 
Ammonia 
Cyanide 
pH 
Total suspended solids 
Total di sso lved so lids 
Total organic carbon 
Specific conductivity 

B.5 Treated Effluent Sampling and Analysis 

2 The treated aqueous waste, or effluent, from 200 Area ETF is collected in three 2,940,0003,025,739-liter 
3 (799,316-gallons) verification tanks before discharge to the SALDS. To determine whether the 
4 f>g_ischarge Permit early warning values , enforcement limits , and the Final Delisting 200 Area ETF 
5 criteria are met, the effluent routinely is sampled at the verification tanks. The sampling and analyses 
6 performed are described in the following sections. 

7 B.5.1 Rationale for Effluent Analysis Parameter Selection 

8 The parameters measured in the treated effluent are required by the following regulatory documents: 

9 Delisting criteria from the Final Delisting 200 Area ETF (40 CPR 261, Appendix IX, Table 2 
l O incorporated by reference by WAC 173-303-910(3)) 

11 Corresponding State Final Delisting issued pursuant to WAC 173-303-910(3) 

12 - Effluent limits from the Discharge Permit Number ST0004500\Vashington State Waste Discharge 
13 Permit(No. ST 4500) 
14 _•_Early warning values from the Washington State Waste Discharge Permit (No . ST 4500) 
15 The Final Delisting 200 Area ETF provides two testing regimes for the treated effluent. Initial 
16 verification testing is performed when a new influent waste stream is processed through the 200 Area 
17 ETF. For each 200 Area ETF influent waste stream, the first generated verification tank must be 
18 sampled and analyzed for a ll delisting constituents and conductivity. Subsequent verification 
19 sampling and analysis of all delisting parameters is performed on every I 5th tank of that 200 Area 
20 ETF influent waste stream. If the concentration of any analyte is found to exceed a Discharge Permit 
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l Number ST0004500Washington State Waste Diseharge Permit (}'fo . ST 4500), enforcement limit or a 
2 Delisting criterion, the contents of the verification tank are reprocessed and/or re-analyzed. The next 
3 verification tank generated is also sampled for all del i sting constituents. If the eoneentration of any 
4 analyte exeeeds an early warning value, an earl)' warning Yalue report is prepared and submitted to 
5 Eeology. 

6 B.5.2 Effluent Sampling Strategy: Methods, Location, Analyses, and Frequency 

7 Effluent sampling methods and locations, the analyses performed, and frequency of sampling are 
8 discussed in the following sections. 

9 B.5.2.1 Effluent Sampling Method and Location 

l O Samples of treated effluent are collected and analyzed to verify the treatment process using 200 Area ETF 
11 specific sampling protocol. These verification samples are collected at a sampling port on the verification 
12 tank recirculation line. Section B.8:B-,-9 presents the sample containers, preservatives, and holding times 
13 for each parameter monitored in the effluent. 

14 B.5.2.2 Analyses of Effluent 

15 The parameters required by the current Discharge Permit Number ST0004500Washington State Waste 
16 Diseharge Permit (No. ST 4500), and Final Delisting 200 Area ETF, conditions are presented in 
17 Table B.4. The analytical methods and PQLs associated with each parameter are provided in 
18 Section B.8:B-,-9. The methods and PQLs are equivalent to those used in the analysis of influent aqueous 
19 waste. 

20 B.5.2.3 Frequency of Sampling 

21 Treated effluent is tested for all parameters listed in Table B.4 on a frequency satisfying the permit 
22 conditions of the Discharge Permit Number ST0004500\Vashingtoe State '.\'aste Diseharge Permit 
23 (}fo. ST 4500), and the Final Delisting 200 Area ETF. This effluent must meet the Discharge Permit 
24 Number ST0004500Washington State '.Vaste Diseharge Permit (}fo. ST 4500), and Final Delisting 
25 200 Area ETF limits associated with these parameters. Grab samples are collected from each verification 
26 tank. 

27 During operation of 200 Area ETF, if one or more of the constituents exceeds a Delisting criterion, the 
28 Delisting conditions require: 

29 The characterization data and processing strategy of the influent waste stream be reviewed and 
30 changed accordingly to ensure the contents of subsequent tanks do not exceed the Delisting 
31 criteria 

32 The contents of the verification tank are recycled for additional treatment. The contents that are 
33 recycled are resampled after treatment to ensure no constituents exceed a Delisting criteria 

34 The contents of the following verification tank are sampled for compliance with the Delisting 
35 criteria. 

36 Treated effluent that does not meet Discharge Penn it umber ST0004500Washington State 
37 Waste Diseharge Permit (No . ST 4500) is not discharged to the SALOS until the tank has been 
38 retreated and/or reanalyzed. 

39 B.6 Effluent Treatment Facility Generated Waste Sampling and Analysis 

40 The wastes discussed in this section include the wastes generated at 200 Area ETF and are managed in the 
41 container storage areas of 200 Area ETF. This section describes the characterization of the following 
42 secondary waste streams generated within 200 Area ETF: 

43 Secondary waste generated from the treatment process, including the following waste forms: 

44 o dry powder waste 

45 o concentrate tanks slurry 
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3 Miscellaneous waste generated within 200 Area ETF. 
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4 For each waste stream described, a characterization methodology and rationale are provided, and 
5 sampling requirements are addressed. 

6 B.6.1 Secondary Waste Generated from Treatment Processes 

7 The following tenns used in this Section, including powder, dry powder, waste powder, and dry waste 
8 powder, are equivalent to the term 'dry powder waste'. 

9 A dry powder waste is generated from the secondary treatment train, from the treatment of an aqueous 
10 waste. Waste is received in the secondary treatment train in waste receiving tanks where it is fed into an 
11 evaporator. Concentrate waste from the evaporator is then fed to a concentrate tank. From these tanks, 
12 the waste is fed to a thin film dryer and dried into a powder, and collected into containers. The containers 
13 are filled via a remotely controlled system. The condensed overheads from the evaporator and thin film 
14 dryer are returned to the surge tank to be fed to the primary treatment train. 

15 Occasionally, salts from the treatment process ( e.g., calcium sulfate and magnesium hydroxide) 
16 accumulate in process tanks as sludge. Because processing these salts could cause fouling in the thin film 
17 dryer, and to allow uninterrupted operation of the treatment process, the sludge is removed and placed in 
18 containers. The sludge is dewatered and the supernate is pumped back to 200 Area ETF for treatment. 

19 The secondary treatment system typically receives and processes the following by-products generated 
20 from the primary treatment train: 

21 • Concentrate from the first RO stage 

22 • Backwash from the rough and fine filters 

23 • Regeneration waste from the ion exchange system 

24 • Spillage or overflow collected in the process sumps. 

25 In an alternate operating scenario, some aqueous wastes may be fed to the secondary treatment train 
26 before the primary treatment train. 

27 B.6.1 .1 Special Requirements Pertaining to Land Disposal Restrictions 

28 Containers of 200 Area ETF secondary waste are transferred to a storage or final disposal unit, as 
29 appropriate (e.g., the Central Waste Complex or to the Environmental Restoration Disposal Facility). 
30 200 Area ETF personnel provide the analytical characterization data and necessary knowledge for the 
31 waste to be managed by the receiving staff, and for the appropriate LDR documentation. 

32 The following information on the secondary waste is included on the LDR documentation provided to the 
33 receiving unit: 

34 Dangerous waste numbers (as applicable) 

35 Detennination on whether the waste is restricted from land disposal according to the requirements 
36 of 40 CFR 268 incorporated by reference by WAC 173-303-140 (i.e., the LDR status of the 
37 waste) 

38 The waste tracking information associated with the transfer of waste 

39 • Waste analysis results. 

40 B.6.1.2 Sampling Methods 

41 The dry powder waste and containerized sludge are sampled from containers using the principles 
42 presented in SW-846 (EPA as amended) and ASTM Methods (American Society for Testing Materials), 
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1 as referenced in WAC 173-303-110(2). The sample container requirements, sample preservation 
2 requirements, and maximum holding times for each of the parameters analyzed in either matrix are 
3 presented in Section B.8B-:-9. 

4 Concentrate tank waste samples are collected from recirculation lines, which provide mixing in the tank 
5 during pH adjustment and prevent caking. The protocol for concentrate tank sampling prescribes opening 
6 a sample port in the recirculation line to collect samples directly into sample containers. The sample port 
7 line is flushed before collecting a grab sample. The VOC sampling typically is performed first for grab 
8 samples. Each VOC sample container will be filled such that cavitation at the sample valve is minimized 
9 and the container has no heads pace. The remainder of the containers for the other parameters will be 

10 filled next. 

Table B.4. Rationale for Parameters to be Monitored in Treated Effluent 
Final ST0004500 Discharqe Permit2 

Delisting €aRY 
200 Area eRfoFGemeRt WaFRiRg 

Parameter (Cas No.) ETF1 Effluent Limit Vakle 
VOLATILE ORGANIC COMPOUNDS 
Acetone (67-64-1) X X 
Acetonitrile (75-05-8) X 
Benzene (71-43-2) X X ~ 

1-Butanol (71-36-3) X 
Carbon disulfide (75-15-0) X 
Carbon tetrachloride (56-23-5) X X 
Chloroform (67-66-3) X ~ 

Methylene Chloride (75-09-2) M 
Tetrachloroethylene (127-18-4) X 
Tetrahydrofuran (I 09-99-9) X X ~ 

SEMIVOLATILE ORGANIC COMPOUNDS 
Acetophenone (98-86-2) X 
Carbazole (86-74-8) X 
p-Chloroaniline (106-47-8) X 
Chrysene (218-01-9) X 
Cresol (total) (1319-77-3) X 
Dichloroisopropyl ether (108-60-1) X 
(bis(2-chloroisopropyl)ether) 
Di-n-octyl phthalate (l 17-84-0) X 
Diphenylamine (122-39-4) X 
Hexachlorobenzene (118-74-1) X 
Hexachlorocyclopentadiene (77-47-4) X 
Isophorone (78-59-1) X 
Lindane (gamma-BHC) (58-89-9) X 
N-ni trosodimethy I amine (62-75-9) X X 
Pyridine (110-86-1) X 
Tributyl phosphate ( 126-73-8) X 
2,4,6-Trichlorophenol (88-06-2) X 
PCBs 
Aroclor 1016 (12674-11-2) X 
Aroclor 1221 (11104-28-2) X 
Aroclor 1232 (11141-16-5) X 
Aroclor 1242 (53469-21-9) X 
Aroclor 1248 ( 12672-29-6) X 
Aroclor 1254 (11097-69-1) X 
Aroclor 1260 (11096-82-5) X 
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Table B.4. Rationale for Parameters to be Monitored in Treated Effluent 
Final ST0004500 Discharqe Permit2 

Deli sti ng liafly 
200 Area ERfaFG8FFl8Rt WaFRiRg 

Parameter (Cas No.) ETF1 Effluent Limit \Lakle 
TOT AL MET ALS3 

Arsenic (7440-38-2) X X 
Barium (7440-39-3) X 
Beryllium (7740-41-7) X X 
Cadmium (7440-43-9) X X X 
Chromium (7440-47-3) X X 
Copper (7440-50-8) X X 
Lead (7439-92- 1) X X X 
Mercurv (7439-97-6) X X X 
Nickel (7440-02-0) X 
Selenium (7782-49-2) X 
Silver (7440-22-4) X 
Vanadium (7440-62-2) X 
Zinc (7440-66-6) X 
ANIONS 
Chloride (16887-00-6) X 
Fluoride ( 16984-48-8) X 
Nitrate (as N) (14797-55-8) X 
Nitrite (as N) (1479765-0) X 
Sulfate ( 14808-79-8) X 
OTHER ANALYSES 
Ammonia (7664-41 -7) X X 
Cyanide (57-12-5) X 
Total dissolved solids X X 
Total organic carbon X 
Total suspended solids X 
Specific conductivity M 

1 1Parameters required by the current conditions of the Final Delisting 200 Area ETF, 40 CFR 26 1, Appendix IX, Table 2 
2 incorporated by reference by WAC 173-303-9 10(3).70 FR 44496 (EPA 2005) 
3 2Parameters required by the current conditions of the Discharge Pem1it Number ST0004500State Waste Diseharge Pefffl il, t-fo. 
4 8+---4--500 
5 3Metals reported as total concentrations 
6 X = Rationale for measuring this parameter in treated effluent 
7 M = Monitor only; no limit defined 
8 PCBs = polychlorinated biphenyls 

9 B.6.1.3 Sampling Frequency 

10 When designation or identification of applicable LDR treatment standards of the 200 Area ETF secondary 
11 waste cannot be based on influent characterization data or knowledge as described in Section B.6.1.1, 
12 200 Area ETF secondary waste is sampled on a batch basis . A batch is defined as any volume of aqueous 
13 waste that is being treated under consistent and constant process conditions. 

14 When personnel exposures are of concern, one representative sample wi ll be collected from the 
15 concentrate tank, if waste from the concentrate tank. The sample will be analyzed for the appropriate 
16 parameters identified in Table B.5 based on the needs identified from evaluating influent waste analysis 
17 data. If sampling of the concentrate tank is not technically practicable for purposes of designating the 
18 powder, direct sampling of the dry powder will be used to make determinations on the dry powder. The 
19 dry powder or concentrate tanks will be resampled in the following situations: 

20 • Change in influent characterization 
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• Change in process chemistry, as indicated by in-line monitoring of conductivity and pH 

2 • The LERF and 200 Area ETF management have been notified, or have reason to believe that the 
3 process generating the waste has changed (for example, a source change such as a change in the 
4 well-head for groundwater that significantly changes the aqueous waste characterization). 

5 • The LERF and 200 Area ETF management note an increase or decrease in the concentration of a 
6 constituent in an aqueous waste stream, beyond the range of concentrations that was described or 
7 predicted in the waste characterization. 

8 B.6.2 Operations and Maintenance Waste Generated at the 200 Area Effluent 
9 Treatment Facility 

10 Operation and maintenance of process and ancillary equipment generates additional routine waste. These 
11 waste materials are segregated to ensure proper handling and disposition, and to minimize the 
12 commingling of potentially dangerous waste with nondangerous waste. The following waste streams are 
13 anticipated to be generated during routine operation and maintenance of200 Area ETF. This waste might 
14 or might not be dangerous waste, depending on the nature of the material and its exposure to a dangerous 
15 waste. 

16 • Spent lubricating oils and paint waste from pumps, the dryer rotor, compressors, blowers, and 
17 general maintenance activities 

18 • Spent filter media and process filters 

19 • Spent ion exchange resin 

20 • HEPA filters 

21 • UV light tubes 

22 • RO membranes 

23 • Equipment that cannot be returned to service 

24 • Other miscellaneous waste that might contact a dangerous waste (e.g., plastic sheeting, glass, 
25 rags, paper, waste solvent, or aerosol cans). 

26 These waste streams are stored at 200 Area ETF before being transferred for final treatment, storage, or 
27 disposal as appropriate. This waste is characterized and designated using knowledge (from previously 
28 determined influent aqueous waste composition information); analytical data; and material safety data 
29 sheets (MSDS) of the chemical products present in the waste or used (the data sheets are maintained at 
30 200 Area ETF). Sampling of these waste streams is not anticipated; however, if an unidentified or 
31 unlabeled waste is discovered, that waste is sampled. This 'unknown' waste is sampled and analyzed for 
32 the parameters in Table B.5 as appropriate, and will be designated according to Washington state 
33 regulatory requirements. The specific analytical methods for these analyses are provided in 
34 Section B.8Ih9. 

35 B.6.3 Other Waste Generated at the 200 Area Effluent Treatment Facility 

36 There are two other potential sources of waste at 200 Area ETF: spills and/or overflows, and discarded 
37 chemical products. Spills may be subject to the requirements of Permit Condition ILE. Spilled material 
38 that potentially might be dangerous waste generally is either containerized or routed to 200 Area ETF 
39 sumps where the material is transferred either to the surge tank for treatment or to the secondary treatment 
40 train. In most cases, knowledge and the use of MSDSs are sufficient to designate the waste material. If 
41 the source of the spilled material is unknown and the material cannot be routed to 200 Area ETF sumps, a 
42 sample of the waste is collected and analyzed according to Table B.5 , as necessary, for appropriate 
43 characterization of the waste. Unknown wastes will be designated according to Washington State 
44 regulatory requirements at WAC 173-303-070. The specific analytical methods for these analyses are 
45 provided in Section B.8Ih9. 
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1 A discarded chemical product waste stream could be generated if process chemicals, cleaning agents, or 
2 maintenance products become contaminated or are otherwise rendered unusable. In all cases, these 
3 materials are appropriately containerized and designated. Sampling is performed, as appropriate, for 
4 waste designation. 

5 Table B.5. 200 Area Effluent Treatment Facility Generated Waste - Sampling and 
6 Analysis 

Parameter1 Rationale 

• Total solids or percent water2 • Calculate dry weight concentrations 
-------- ----,f-----------------------------, 

• Volatile organic compounds3 
• LDR - verify treatment standards 

------------,f---------------------------1 
• Semi.:volatile organic compounds3 

• LDR - verify treatment standards 

• Metals (arsenic, barium, cadmium, 
chromium, lead, mercury, selenium, 
silver) 

• Cation and anions of concern 

• pH 

• Waste designation 

• LDR - verify treatment standards 

• Address receiving TSD unit waste acceptance 
requirements 

• Waste designation 

7 l For influent and concentrate tank samples, the total sample (solid plus liquid) is analyzed and the analytical result is expressed on a dry weight 
8 basis. The result for toxicity characteristic metal and organic is divided by a factor of 20 and compared to the toxicity characteri sti c (TC) 
9 constituent limits [WAC 173-303-090(8)]. [fthe TC limit is met or exceeded, the waste is designated accordingly. All measured parameters 

l O are compared against the corresponding treatment standards. 

11 2 Total solids or percent water are not detennined fo r unknown waste and dry powder waste samples and are analyzed in mai ntenance waste 
12 and sludge samples, as appropriate ( i.e., percent water might not be required fo r such routine maintenance waste as aerosol cans, fluorescent 
13 tubes, waste oils, batteri es, etc., or sludge that has dried). 

14 3 VOC and/or SVOC analys is of secondary waste is required unless influent characterization data and knowledge indicate that the constituent 
15 will not be in the final secondary waste at or above the LDR. 

16 LDR = land disposal restri ctions 
l 7 TSD = treatment, storage, and/or disposal 

18 B.7 Qual ity Assurance/Quality Control 

19 The following quality assurance/quality control (QA/QC) plan for LERF and 200 Area ETF is provided 
20 as required by WAC 173-303-810(6) and follows the guidelines of EPA QA/G-5 . 

21 B.7.1 Project Management 

22 The following sections address project administrative functions and approaches. 

23 B.7.1.1 .1 Project Organization 

24 Overall management of the LERF and 1200 Area ETF is performed by the Facility Manager, who is 
25 responsible for safe operation of the facility, including implementation of this QA/QC plan and 
26 compliance with applicable permits and regulations. The Facility Manager also provides retention of 
27 project records in accordance with this plan. Assisting the Facility Manager is an Environmental Field 
28 Representative that monitors compliance, reviews new requirements and regulations, and interfaces with 
29 EPA and Ecology. Also assisting the Facility Manager is a QA representative who is responsible for 
30 implementing the QA program at the facility. 

31 Reporting to the Facility Manager are several support groups. The Operations group consists of trained 
32 personnel who operate the plant, including operators performing sampling activities such as collection, 
33 packaging, and transportation of samples to the laboratory. The Maintenance group is responsible for 
34 performing calibrations and preventative maintenance on facility equipment, including pH, conductivity, 
35 and flow meters required by environmental permits. The Engineering group monitors the process with 
36 on line instruments and sampling for process control. The Engineering group also performs waste 
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1 acceptance, and environmental compliance activities, including scheduling sampling, generating data 
2 forms, and reviewing data. 

3 B.7.1.2 Special Training 

4 Individuals involved in sampling, analysis, and data review will be trained and qualified to implement 
5 safely the activities addressed in this W AP and QA/QC plan. Training will conform to the training 
6 requirements specified in WAC 173-303-330 and the LERF/200 Area ETF Dangerous Waste Training 
7 Plan-fAddendum F, Personnel Training1. Training records will be maintained in accordance with 
8 Section B.7.1.3 of this WAP. 

9 B.7.1.3 Documentation and Records 

10 Sample records are documented as part of the Hanford Facility Operating Record, LERF and 200 Area 
11 ETF File pursuant to Permit Condition II.I. These documents and records include the following: 

12 • Training 

13 • Chains of Custody for all regulatory sampling performed by LERF and 200 Area ETF 

14 • Data Summary Reports 

15 • QA/QC reports 

16 • Assessment reports 

17 • Instrument inspection, maintenance, and calibration logs 

18 B.7.2 Data Quality Parameters and Criteria 

19 Data quality parameters are listed by EPA QA/G-5S, Guidance for Choosing a Sampling Design for 
20 Environmental Data Collection as: 

21 • Purpose of Data Collection ( e.g. determining if a parameter exceeds a threshold level) 

22 • Spatial and Temporal Boundaries of Study 

23 • Preliminary Estimation of Sample Support (volume that each sample represents) 

24 • Statistical Parameter oflnterest (e.g. mean, percentile, percentage), and 

25 • Limits on Decision Error/Precision (e.g. false acceptance error, false rejection error) 

26 
27 
28 

29 
30 
31 
32 
33 

34 

35 
36 
37 
38 
39 

40 

The parameters for the first four bullets (limits, sample points, frequency of samples, etc.) are already 
established in the permits, de listing petition, and this W AP. The focus of this QA/QC plan is on limits on 
decision error/precision. 

The data quality parameters were chosen to ensure Limits on Decision Error/Precision are appropriate for 
purposes of using the data to demonstrate compliance with permits, delisting exclusion limits, and this 
WAP. The principal quality parameters are precision, accuracy, representativeness, comparability, and 
completeness. Secondary data parameters of importance include sensitivity and detection levels. The 
data quality parameters and the data acceptance criteria are discussed below. 

B. 7 .2.1 Precision 

Precision is a measure of agreement among replicate measurements of the same property, under 
prescribed similar conditions. Precision is expressed in terms of the relative percent difference (RPD) for 
duplicate measurements. QA/QC sample types that test precision include field and laboratory duplicates 
and spike duplicates. The RPDs for laboratory duplicates and/or matrix spike duplicates will be routinely 
calculated. 

RPO = (l00)absolute value o ( 
sample result - duplicate sample result ) 

f average of sample result+ duplicate sample result 
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1 Matrix spike duplicates are replicates of matrix spike samples that are analyzed with every analytical 
2 batch that contains aH 200 Area ETF treated effluent sample. The precision of the analytical methods are 
3 estimated from the results of the matrix spike (MS) and the matrix spike duplicate (MSD) for selected 
4 analytes. Matrix spike analyses cannot be performed for certain analytical methods, including 
5 conductivity, pH, and total dissolved solids. Duplicate analyses are used to determine the RPD for these 
6 methods. The precision acceptance criteria are specified in Table B.6. 

7 B.7.2.2 Accuracy 

8 Accuracy assesses the closeness of the measured value to an accepted reference value. Accuracy of 
9 analytical resu lts is typically assessed using matrix spikes. A matrix spike is the addition of a known 

l 0 amount of the analyte to the sample matrix being analyzed. Accuracy is expressed as a percent recovery 
11 of the spiked samples. 

(
matrix spike sample result - sample result) 

12 Percent Recovery = 100 .k d 
sp1 e amount 

13 Matrix spike analyses cannot be performed on certain analytical methods, including conductivity, pH, and 
14 total dissolved solids . The percent recovery for the laboratory control standard samples demonstrates that 
15 these methods are working properly and gives an estimate of the method's accuracy. The percent 
16 recovery will be routinely calculated. 

17 Accuracy criteria are established to provide confidence that the result is below the action level. Therefore 
18 the closer the result is to the action level the higher the degree of accuracy needed. The upper and lower 
19 accuracy acceptance criteria are specified in Table B.6. The criteria are reasonable values based on 
20 previous analysis of constituents in the delisting exclusion, or similar constituents. 

21 B.7.2.3 Representativeness 

22 Representativeness expresses the degree to which data accurately and precisely represent selected 
23 characteristics of a parameter at a sampling point or process condition. Because of the matrix being 
24 analyzed, dilute aqueous solution, it is not expected that representativeness wi ll be of concern, except 
25 when there are potential for changes to process conditions such as the facility influent concentrations or 
26 waste processing strategy. Sampling due to these changes in process conditions is addressed in 
27 Section B.6.1.3 of this WAP. 

28 The representativeness of a sample may be compromised by the presence of contaminants introduced in 
29 the field or the laboratory. To determine if contamination may be present, a blank sample of reagent 
30 water is analyzed. A method blank is performed by the laboratory on every batch of 20 samples being 
31 analyzed at the same time. The presence of a constituent in the sample and the blank sample indicates 
32 contamination has occurred. 

33 B.7.2.4 Completeness 

34 Completeness is a measure of the amount of valid data obtained from a measurement system, expressed 
35 as a percentage of the number of valid measurements that were planned to be collected. Lack of 
36 completeness is sometimes caused by loss of a sample, loss of data, or inability to collect the planned 
3 7 number of samples. Incompleteness also occurs when data are discarded because they are of unknown or 
38 unacceptable quality. Since most regulatory sampling events performed by LERF and ,1200 Area ETF 
39 involve a single sample, all analysis must be complete and valid. 

40 8.7.2.5 Comparability 

41 Comparability is the confidence with which one data set can be compared to another. Comparability is 
42 achieved by using sampling and analytical techniques, which provide for measurements that are 
43 consistent and representative of the media and conditions measured. In laboratory analysis, the term 
44 comparability focuses on method type, holding times, stability issues, and aspects of overall analytical 
45 quantitation. 
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2 Sensitivity is the measure of the concentration at which an analytical method can positively identify and 
3 report analytical results. Sensitivity represents the maximum value for a detection level that will 
4 reasonably assure the results are below the established limits. The analytical method selected by LERF 
5 and,l_200 Area ETF should have a detection level for each constituent that is below the sensitivity. The 
6 preferred detection level is the practical quantitation limit (PQL), which is lowest concentration that can 
7 be reliably measured during routine laboratory conditions. If the method PQL cannot meet the sensitivity 
8 for some constituents, the minimum concentration or attribute that can be measured by a method (method 
9 detection limit) or by an instrument (instrument detection limit) may be used. The sensitivity levels, 

10 specified in Table B.6, are derived from the delisting limits, water discharge limits, and uncertainty 
11 values, which are based on the required precision and accuracy for each constituent. 

12 B.7.3 Data Generation and Acquisition 

13 The following section addresses QA requirements for data generation and acquisition. 

14 B.7.3.1 Sampling Method 

15 LERF and,1_200 Area ETF samples required by the permits and delisting are collected as grab samples. 
16 Sampling for the purpose of waste designation of secondary waste is performed using grab, composite, 
17 thief, scoop, or composite liquid waste sampler (COLIW ASA). The selection of the sample collection 
18 device depends on the type of sample, the sample container, the sampling location, and the nature and 
19 distribution of the waste components. In general, the methodologies used for specific materials 
20 correspond to those referenced to WAC 173-303-1 l 0(2). The selection and use of the sampling device is 
21 supervised or performed by a person thoroughly familiar with the sampling requirements. 

22 The following protocol applies to all sampling methods: 

23 • All containers will be filled within as short a time period as reasonably achievable. 

24 • Volatile Organic Analysis (VOA) sample containers will be filled first, and prior to any 
25 subdividing of a composited sample. 

26 • VOA samples consisting of a set of two or more sample containers will be filled sequentially. 
27 The sample containers are considered equivalent and given identical sampling times. 

28 • All VOA sample containers must have no headspace and be free of trapped air bubbles. 

29 • Grab sample protocol includes: 

30 o Sample lines should be as short as reasonably achievable and free of traps and pockets in 
31 which solids might settle. 

32 o The sample line should be flushed before sampling with a minimum volume equivalent to 
33 three times the sample line volume. 

34 o Contamination to the sample from contact with the internal and external surfaces of the tap 
35 should be minimized. 

36 Thief and COLIW ASA samplers are used to sample liquid waste containers such as drums. Scoop 
37 samplers are used to sample powder waste generated in the thin-film dryer. Sample requirements for 
38 these samples include: 

39 • Thief or COLIW ASA sampler, the sampler should be lowered into the liquid slowly so the level 
40 of the liquid inside and outside the sampler tube remain about the same. 

41 • When lifting the thief or COLIWASA sampler from the solution, the outside should be wiped 
42 down, or the excess water allowed to drip off, before filling the sample container. 
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2 The proper handling of sample bottles after sampling is important to ensure the samples are free of 
3 contamination and to demonstrate the samples have not been tampered with. 

4 B. 7 .3.2.1 Chain-of-Custody 

5 Evidence of collection, shipment, receipt at the laboratory, and laboratory custody until disposal will be 
6 documented using a chain-of-custody form. The chain-of-custody form will, as a minimum identify 
7 sample identification number, sampling date and time, sampling location, sample bottle type and number, 
8 analyses to be performed, and preservation method. 

9 The operations person who signs as the collector on the chain of custody is the first custodian of the 
l 0 samples. A custodian must maintain continuous custody of sample containers at all times from the time 
11 the sample is taken until delivery to the laboratory or until delivery to a common carrier for shipment to 
12 an off-site location. Custody is maintained by any of the fo llowing: 

13 • The custodian has the samples in view, or has placed the samples in locked storage, or keeps the 
14 samples within a secured area (e.g. , controlled by authorized personnel only), or has applied a 
15 tamper-indicating device, such as evidence tape, to the sample containers or shipping containers. 

16 • The custodian has taken physical possession of the samples or the shipping containers sealed with 
17 an intact tamper-indicating device, such as evidence tape. 

18 B.7.3.2.2 Sample Preservation , Containers, and Holding Time 

19 Table B.6 lists the sample container, preservation method, and holding time requirements for different 
20 types of analyses. These parameters are based on the requirements of 40 CFR 136, Table II. 

21 B.7.3.3 Instrument Calibration and Preventive Maintenance 

22 LERF and ,1_200 Area ETF uses instruments to monitor operations and meet regulatory requirements. 
23 This includes continuous pH and conductivity monitors required by facility permits and delisting. All 
24 instruments are calibrated according to frequencies and tolerances established by the LERF and ,1200 Area 
25 ETF engineering group. Calibrations and other maintenance actions are scheduled and tracked by LERF 
26 and,1_200-_Area ETF maintenance group using a preventive maintenance database. Measuring and test 
27 equipment used for instrument calibration is controlled, calibrated at specified intervals, and maintained 
28 to establish accuracy limits. 

29 B.7.4 Assessment and Oversight 

30 Quality programs can only be effective if meaningful assessments are performed to monitor and respond 
3 l to issues associated with program performance. Routine assessment of data is performed as part of the 
32 validation process discussed in Section B.7.5.1. 

33 B.7.4.1 Assessments and Response 

34 Management assessments are conducted by first line management and subject matter experts, focusing on 
35 procedural adequacy, compliance, and overall effectiveness of the program. Management assessments of 
36 the sample program typically include the LERF and 200 Area ETF QA representative. Each management 
3 7 assessment has a performance objective or lines of inquiry. Examples may include personnel training, 
38 proper performance of sample custody, or completeness of sampling records. 

39 B.7.4.2 Reports to Management 

40 Results of performance assessments, including any issues identified, are provided to the LERF and 
41 200 Area ETF Facility Manager in a written report. The Facility Manager is responsible to correct all 
42 findings from the report. 
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2 The data verification and validation processes will ensure that the data resulting from the selected 
3 analytical method are consistent with requirements specified in this QA/QC plan. 

4 B.7.5.1 Data Verification 

5 The primary data reporting wi ll be by electronic data systems. Data verification wi ll be performed on 
6 laboratory data packages that support environmental compliance to ensure that their content is complete 
7 and in order. A review of the data package will be performed to ensure that: 

8 • The data package contains the required technical information 

9 • Deficiencies are identified and documented 

10 • Identified deficiencies are corrected by the laboratory and the appropriate revisions are made 

11 • Deficient pages are replaced with the laboratory corrections 

12 • A copy of the completed verification report is placed in the data file 

13 B.7.5.2 Data Validation 

14 Data validation ensures that the data resulting from analytical measurements meet the quality 
15 requirements specified in the QA/QC plan. Data validation will be performed on data packages that 
16 support environmental compliance. 

1 7 The following are included in data validation: 

18 • Chain-of-Custody- Verify the COC shows unbroken custody from sampling through receipt at 
19 the laboratory. 

20 
21 

22 
23 

24 
25 

26 

27 

• Request analysis - Review the sample results to verify the requested analysis was performed. If 
an alternate method was used, verify permit-required detection limits were met. 

• Holding times - Review the sample results to verify the analyses were performed within required 
holing times and where applicable, extraction times. 

• Blank - Review the results of trip, field, and equipment blank samples to verify the sample results 
are not compromised by contamination. 

• Laboratory QC - Verify the laboratory QC was completed and there are no outstanding problems 
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B.8 8.9.----Analytical Methods, Sample Containers, Preservative Methods, and 
Holding Times 

Table 8 .6. Sample and Analysis Criteria for Influent Aqueous Waste and Treated Effluent 

Accuracy/ 

Parameter 
Analytical Method PQL Precision for Sample container4/ 
Method1 Sensitivity2 Method3 Preservative4/ Holding time5 

(percent) 
VOLATILE ORGANIC COMPOUNDS 
Acetone SW-846 8260...QI 40 60-120 I 20 Samgle container 

EPA-600 624 3 x 40-mL amber glass with 
septum 
Preservative 
HCI to pH<2; 4°C 
Holding time 
14 days 

Acetonitrile 820 60-120 / 20 
Benzene 5 60-120 / 20 
1-Butanol 1600 60-120 / 20 
Carbon Disulfide 1500 60-120 I 20 
Carbon tetrachloride 5 60-120 / 20 
Chloroform 5 50-130 I 20 
Methylene chloride 5 50-150 / 20 
Tetrachloroethylene 5 65-140 I 20 
Tetrahydrofuran 100 60- 120 I 20 
SEMIVOLATILE ORGANIC COMPOUNDS 
Acetophenone SW-846 8270 10 70-110 / 25 Samgle container 

or EPA-600 625 4 x I-liter amber glass 
Preservative 
4°c 
Holding time 
7 days for extraction; 40 days 
for analysis after extraction 

Carbazole 110 50-120 / 25 
p-Chloroaniline 76 50-120 I 25 
Chrvsene 350 50-120 I 25 
Cresol (o, p, m) 760 50-120 I 25 
Di-n-octyl phthalate 300 50-120 I 25 
Oiphenylamine 350 50-120 / 25 
Hexachlorobenzene 2 50-120 / 25 
Hexachlorocyclopentadiene 110 50-120 I 25 
Isophorone 2600 50-120 I 25 
Lindane (garnma-BHC) 1.9 50-120 I 25 
N-ni trosodimeth y !amine 12 50-120 I 25 
Pyridine 15 50-120 I 25 
Tributyl phosphate 76 50-120 I 25 
2.4.6-Trichlorophenol 230 50-120 / 25 
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Table B.6. Sample and Analysis Criteria for Influent Aqueous Waste and Treated Effluent 

Accuracy/ 

Parameter Analytical Method PQL Precision for Sample container4/ 
Method1 Sensitivity2 Method3 Preservative4/ Holding time5 

(percent) 
POL YCHLORINATED BIPHENYLs (PCBs) 
Aroclor-1016 SW-846 8082 0.4 50-110 / 25 Samgle container 

4 x I -liter amber glass 
Preservative 
4°c 
Holding time 
I year for extraction; I year 
for analysis after extraction 

Aroclor-1221 0.4 50-110 I 25 
Aroclor-1232 0.4 50-110 / 25 
Aroclor-1242 0.4 50- 110 / 25 
Aroclor-1248 0.4 50-110 I 25 
Aroclor-1254 0.4 50-110 I 25 
Aroclor-1260 0.4 50-110 / 25 
TOTAL METALS 
Arsenic EPA-600 200.8 11 70-130 / 20 Samgle container 

I x 0.5-liter plastic/glass 
Preservative 
1: I HN03 to pH<2 
Holding time 
180 days; mercury 28 days 

Bervllium 34 75 - 125 / 20 
Cadmium 5 70-130 / 20 
Chromium 20 70-130 / 20 
Coooer 70 70-130 / 20 
Lead 10 70-130 / 20 
~ K -- ;; +Q l ~Q ,l ;W -- - - · 
Selen ium 20 70-130 / 20 
Barium SW-846 6010/ 1200 75 - 125 / 20 
~ .11 · EPA-600 200.7 M +§ r;!§ ,1 ;1,Q 

Calcium 200 75-125 / 20 
Iron 100 75 - 125 / 20 
Magnesium 400 75-125 / 20 
Nicke l 340 75 -125 / 20 
Potassium 10,000 75-125 / 20 
Silicon 580 75 - 125 / 20 
Silver 83 75-125 / 20 
Sodium 2500 75-1 25 / 20 
Vanadium 120 75-125 / 20 
Zinc 5100 75-125 / 20 
Mercury SW-846 7470. or _f_ 70-130 / 20 

EPA-600 245 .1 
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Table B.6. Sample and Analysis Criteria for Influent Aqueous Waste and Treated Effluent 

Accuracy/ 

Parameter Analytical Method PQL Precision for Sample container4/ 
Method1 Sensitivity2 Method3 Preservative4/ Holding time5 

(percent) 
GENERAL CHEMISTRY 
Chloride EPA-600 300.0 1000 70-130 / 20 Samgle container 

I x 60-mL plastic/glass 
Preservative 
4°C 
Holding time 
28 days; nitrate and nitrite 
48 hours 

Fluoride 880 70-130 I 20 
Formate 1250 70-130 
Nitrate (as N) JOO 70-130 I 20 
Nitrite (as N) JOO 70-130 I 20 
Phosphate 1500 70-130 I 20 
Sulfate 10,000 70-130 I 20 
Ammonia (as ) EPA-600, 300.7, 40 70-130 I 20 Samgle container 

or I x 50-mL glass or plastic 
EPA-600 350.l Preservative 

H2SO4 to pH<2; 4°C 
Holding time 
28 days 

Cyanide EPA-600 350 70-130 I 20 Samgle container 
335.2/335.3 I x 250-mL glass or plastic 

Preservative 
aOH to pH> l2; 4°C 

Holding time 
14 days 

Alkalinity EPA-600 ND ND Samgle container 
3 IO .1 /3 l O .2 l x 50-mL glass or plastic 

Preservative 
4°C 
Holding time 
14 days 

Total dissolved solids EPA-600 160. l ND ND Samgle container 
or SM2540C I x 500-mL glass or plastic 

Preservative 
4°c 
Holding time 
7 days 

Total suspended solids EPA-600 160.2 ND ND Samgle container 
or SM2540D I x 1-L glass or plastic 

Preservative 
4°c 
Holding time 
7 days 
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Table B.6. Sample and Analysis Criteria for Influent Aqueous Waste and Treated Effluent 

Accuracy/ 

Parameter 
Analytical Method PQL Precision for Sample container4/ 
Method1 Sensitivity2 Method3 Preservative4/ Holding time5 

(percent) 
Specific conductivity EPA-600 120.1 D ND Samgle container 

( in lab) or I x 50-mL glass or plastic 
SM2510B Preservative 

4°c 
Holding time 
28 days 

pH7 EP A-600 150. 1 ND ND Samgle container 
or SM4500-WB I x 60-mL glass or plastic 

Preservative 
None 
Holding time 
Analyze immediately 

Tota l organic carbon SW-846 9060....QI ND ND Samgle container 
SMC5310 1 x 250-mL amber glass 

Preservative 
H2SO4 to pH<2; 4°C 
Holding time 

28 days 

1 SW-846 or EPA-600 methods are presented unless otherwise noted. Other methods might be substituted if the applicable PQL 
can be met. 
28T 4500ST00045000 required method PQL or Del isting Exclusion condition 2 report sensitivity/detection level, whichever is 
lower. Units are parts per billion unless otherwise noted. 
3Accuracy/precision used to confirm or re-establish MDL 
4Samp le bott le, volumes, and preservatives could be adjusted, as applicable, for safety reasons 
5Holding time = time between sampling and analysis 
7pH monitored in influent aqueous waste on ly 
0°C = Celsius = 32°Fahrenhcit 
L = liter = 0.26 gallons 
mL = mill iliter = 0.03 ounces 
NA = not applicable 
ND = not determined 
MDL = method detection level 
PQL = practical quantitation limit 
RL = reporting limit 
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Table B.7. Sample Containers, Preservative Methods, and Holding Times for 
200 Area ETF Generated Waste 

Accuracy/ 
Precision 

Analytical Method for Method Sample containeri -i, Preservativel.1-/ 
Parameter Method1 PQL (percent) Holding time~2 

Liquid Matrix 

For methods other than total solids, analyze using the methods and QA/QC in Table B.6. For each method, analyze the target 
compound list 

Total solids EPA-600 160.3 ND D Sample container 
I x 500-mL glass or plastic 
Preservative - 4°C 
Ho ldinll" time - 7 days 

Solid Matrix 

Volatile organic compounds SW-846 8260 Refer to Refer to Sample container 
(combined method target Table B.6 Table 8.6 I x 40-mL amber glass with septum 
compound lists) Preservative -4°C 

Holding time - 14 days 

Semi: volatile organic SW-846 8270 Refer to Refer to Sample container 
compounds (method target Table B.6 Table 8.6 I x 125-mL amber glass 
compound list) Preservative -4°C 

Holding time - 14 days for extraction; 
40 days for analysis after extraction 

PCBs (method target compound SW-846 8082 Refer to Refer to Sample container 
list) Table 8.6 Table 8.6 Amber glass - 50 g of sample 

Preservative -4°C 
Holding time - I year for extraction; 
I year for analysis after extraction 

RCRA Metals (method target EPA-600 200.8 Refer to Refer to Sample contai ner 
compound list) Table 8.6 Table B.6 glass or plastic - IO g of sample 
Total Metals (method target SW-846 6010 Refer to Refer to Preservative - none, mercury 4°C 
compound list) Table B.6 Table 8.6 Holding time - 180 days; mercury 28 days 

Anions (method target EPA-600 300.0 Refer to Refer to Sample container 
compound list) Table B.6 Table 8.6 glass or plastic -25 g of sample 

Preservative - none 
Holding time - 6 months for extraction; 
28 days for analysis after extraction, 
nitrate and nitrite 48 hours for analysis 
after extraction 

Ammonia EPA-600 300.7 Refer to Refer to Sample container 
Table B.6 Table B.6 glass or plastic - 25 g of sample 

Preservative - none 
Holding time - 6 months for extraction; 
28 days for analysis after extraction 

pH SW-846 9045 ND ND Sample container 
glass or plastic - 50 g of sample 
Preservative - none 
Holding time - none 

Toxicity Characteristic SW-846 1311 NA NA Sample container 
Leaching Procedure9 Refer to specific method being performed 

after TCLP - 125 g of sample 

Preservative - None (after TCLP, preserve 
extract per method being performed) 

Holding time - Metals: 180 days for TCLP 
extraction, mercury 28 days for TCLP 
extraction 
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Table 8 .7. Sample Containers, Preservative Methods, and Holding Times for 
200 Area ETF Generated Waste 

Accuracy/ 
Precision 

Analytical Method for Method Sample container~-i, Preservative~-i, 
Parameter Method! PQL (percent) Holding time~2 

SVOA: 14 days for TCLP extraction (after 
TCLP, refer to specific methods for time 
for analysis after extraction) 

1 1SW 846 or EPA-600 methods are presented unless otherwise noted. Other methods might be substituted if the applicable POL 
2 can be met. 
3 J.+ Sample bottle, volumes, and preservatives could be adjusted, as applicable, for safety reasons 
4 J.;! Holding time equals time between sampling and analysis 
5 9 Extraction procedure, as applicable; extract analyzed by referenced methods [WAC 173-303-1 I 0(3)( c)] 

6 0°C = Celsius = 32°Fahrcnheit 
7 g = grams = 0.0352 ounces 
8 mL = milliliter = 0.03 ounces 
9 NA = not applicable 

IO PQL = practical quantitation limit 
11 n'lL milliliter 
12 ND = not determined 
13 TCLP = toxicity characteristic leaching procedure 
14 
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2 This addendum provides a detailed discussion of the LERF and 200 Area ETF processes and equipment. 
3 The LERF and 200 Area ETF comprise an aqueous waste treatment system located in the 200 East Area 
4 that provides storage and treatment for a variety of aqueous mixed waste. This aqueous waste includes 
5 process condensate from the 242-A Evaporator and other aqueous waste generated from onsite 
6 remediation and waste management activities. 

7 The LERF consists of three lined surface impoundments, or basins. Aqueous waste from LERF is 
8 pumped to the_200 Area ETF for treatment in a series of process units, or systems, that remove or destroy 
9 essentially all of the dangerous waste constituents. The treated effluent is discharged to a State-Approved 

10 Land Disposal Site (SALOS) north of the 200 West Area, under the authority ofa Washington State 
11 Waste Discharge Permit (Ecology 2000)ST0004500 and the Final DelistingFinal Delisting 200 Area ETF 
12 (40 CFR 261, Appendix IX, Table 2). 

13 Both LERF and 200 Area ETF waste processing operations are controlled in a central Control f_Room 
14 located in the 200 Area ETF 2025-E building. The 200 Area ETF Control Roomcontrol room is staffed 
15 continuously during 200 Area ETF processing operations. Processing operations are defined as when 
16 liquid transfers of any sort are occurring to/from/within the LERF and 200 Area ETF or when wastes are 
17 being treated at 200 Area ETF 1

. Examples of processing operations include, but are not limited to, when 
18 liquid waste are transferred to/from the LERF basins [see Section C.1 1, during active liquid waste 
19 treatment/processing at the 200 Area ETF (e.g., liquid waste treatment in tanks and liquid waste 
20 movement between primary and secondary treatment train processes and/or other 200 Area ETF tanks 
21 [see Section C.2R and liquid waste receipts at the -l_Load--iln s~tation [see Section_-C.2.1]). 
22 Section_C.2.5.1 describes the centralized computer system (i.e., monitor and control system or MCS) that 
23 is located at the 200 Area ETF c.C.ontrol_r_Room and other locations at the 200 Area ETF faeility . Th~-i-s 
24 MCS monitors the performance of the 200 Area ETF operations and records alarms from various 
25 equipment as described in this Addendum C and Addendum I, Inspection Requirements. At times when 
26 processing operations are not occurring, the 200 Area ETF Control f_Room is not manned continuously, 
27 and alarms are monitored daily as specified in Addendum I. 

28 C.1 Liquid Effluent Retention Facility Process Description 

29 Each of the three LERF basins has an operating capacity of29.5-million liters (7.8 million gallons). The 
30 LERF receives aqueous waste through several inlets including the following: 

31 • A pipeline that connects LERF with the 242-A Evaporator 

32 • A pipeline from the 200 West Area 

33 • A pipeline that connects LERF to the Load-In Station (2025-ED) at the 200 Area ETF 

34 • A series of sample ports located at each basin. 

35 Figure C. l presents a general layout ofLERF and associated pipelines. Aqueous waste from LERF is 
36 pumped to the 200 Area ETF through one of two double-walled fiberglass transfer pipelines. Effluent 
37 from the 200 Area ETF also can be transferred back to the LERF through one of these transfer pipelines. 
38 These pipelines are equipped with leak detection located in the annulus between the inner and outer pipes. 
39 In the event that these leak detectors are not in service, the pipelines are visually inspected during 
40 transfers for leakage by opening the secondary containment drain lines located at the 200 Area ETF end 
41 of the transfer pipelines. 

42 Each basin is equipped with six available sample risers constructed of 15.2-centimeter (6-inch} perforated 
43 pipe. A seventh sample riser in each basin is dedicated to influent aqueous waste receipt piping (except 
44 for aqueous waste received from the 242-A Evaporator) , and an eighth riser in each basin contains liquid 
45 level instrumentation. Each riser extends along the sides of each basin from the top to the bottom of the 
46 basin and allows samples to be collected from any depth. Personnel access to these sample ports is from 
4 7 the perimeter area of the basins. 
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l -Liquid transfers does not include standard facility operations of liquid recirculation (e.g. for pump 
2 seals), sanitary water and cooling water, and outdoor rainwater management activities. 

3 A catch basin is provided at the northwest comer of each LERF basin for aboveground piping and 
4 manifolds for transfer pumps. Aqueous waste from the 242-A Evaporator is transferred through piping 
5 which ties into piping at the catch basins. Under routine operations, a submersible pump is used to 
6 transfer aqueous waste from a LERF basin to the 200 Area ETF for processing or for basin-to-basin 
7 transfers . This pump is connected to a fixed manifold on one of four available risers. 

8 Each basin consists of a multilayer liner system supported by a concrete anchor wall around the basin 
9 perimeter and a soil-bentonite clay underlayment. The multilayer liner system consists of a primary liner 

l 0 in contact with the aqueous waste, a layer of bentonite carpet, a geonet, a geotextile, a gravel layer, and a 
11 secondary liner that rests on the bentonite underlayment. Any aqueous waste leakage through the primary 
12 liner flows through the geonet and gravel to a leachate collection system. The leachate flows to a sump at 
13 the northwest comer of each basin, where the leachate is pumped up the side slope and back into the basin 
14 above the primary liner. Each liner is constructed of high-density polyethylene. A floating cover made of 
15 very low-density polyethylene is stretched over each basin above the primary liner. These covers serve to 
16 keep unwanted material from entering the basins, and to minimize evaporation of the liquid contents. 

17 C.2 200 Area Effluent Treatment Facility Process Description 

18 The 200 Area ETF is designed as a flexible treatment system that provides treatment for contaminants 
19 anticipated in process condensate and other onsite aqueous waste. The design influent flow rate into the 
20 200 Area ETF is approximately 570 liters ( 150 gallons) per minute, with planned outages for activities 
21 such as maintenance on the 200 Area ETF systems. Maintenance outages typically are scheduled 
22 between treating a batch of aqueous waste, referred to as treatment campaigns. The effluent flow ( or 
23 volume) is equivalent to the influent flow (or volume). 

24 The 200 Area ETF generally receives aqueous waste directly from the LERF. However, aqueous waste 
25 also can be transferred from tanker trucks at the Load-In Station (2025-ED) to the 200 Area ETF and 
26 from containers (e.g., carboys, drums) directly to building 2025-EE-TF. Aqueous waste is treated and 
27 stored in the 200 Area ETF 2025-E p£ rocess aArea in a series of tank systems, referred to as process 
28 units. Within the-building 2025-EE-TF, waste also is managed in containers through treatment and/or 
29 storage. Figure~ C.2 and C.3 provides the relative locations of the process and container storage areas 
30 within the 200 Area ETF. 

31 The process units are grouped in either the primary or the secondary treatment train. The primary 
32 treatment train provides for the removal or destruction of contaminants. Typically, the secondary 
33 treatment train processes the waste by-products from the primary treatment train by reducing the volume 
34 of waste. In the secondary treatment train, contaminants are concentrated and dried to a powder. The 
35 liquid fraction is routed to the primary treatment train. Figure C.2~ provides an overview of the layout 
36 of the ETF,-2025::E -B)2uilding and the Load-In Station). Figure C._l4 presents the 200 Area ETF Building 
37 2025-E Ground !Eloor pf Ian, which includes the relative locations of the individual process units and 
38 associated tanks withiA the ETF, and the location of the Load-In Station. 

39 The dry powder waste and maintenance and operations waste are containerized and stored or treated in 
40 the container storage areas or in collection or treatment areas within the 2025-E Process Area. Secondary 
41 containment is provided for alldiscussed in Section C.3.4, for containers and in Section C.4.3 for tank 
42 systems (including ancillary equipment) housed within the ETF building 2025-E. The trenches and floor 
43 of building 2025-Ethe 200 Area ETF comprise the secondary containment system. The floor includes 
44 approximately a 15.2-centimeter (6-inch) rise (berm) along the containing walls of the 2025-E p£ rocess 
45 Area and 2025-E e.C.ontainer s.S.torage aAreas . Any spilled or leaked material from within the 
46 2025-E p£ rocess aArea or 2025-E e.C.ontainer s.S.torage aAfea is collected into trenches that feed into 
47 either s.S.ump ti ank 1 or s.S.ump ti ank 2. 
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l From these sump tanks, the spilled or leaked material (i .e. , waste) is fed to either the surge tank and 
2 processed in the primary treatment train or the secondary waste receiving tanks and processed in the 
3 secondary treatment train. All tank systems outside of the 200 Area ETf building 2025-E are provided 
4 with a secondary containment system. 

5 In the following sections, several figures are provided that present general illustrations of the treatment 
6 units and the relation to the process. 

7 C.2.1 Load-In Station 

8 The 200 Area ETF receives aqueous waste from LERF or the Load-In Station (2025-ED). The 200 A:-ea 
9 -E+f-Load-In Station, located due east of the surge tank and outside of the perimeter fence 

IO (Figure C.2G4), was designed and constructed to provide the capability to unload, store, and transfer 
11 aqueous waste to the LERF or 200 Area ETF from tanker trucks and other containers (such as drums). 
12 The Load-In Station consists of two truck bays equipped with -l1_oad-+In Station tanks, transfer pumps, 
l 3 filtration system, level instrumentation for tanker trucks, leak detection capabi lities for the containment 
14 basin and transfer line, and an underground transfer line that connects to lines in the surge tank berm, 
15 allowing transfers to either the 200 Area ETF surge tank or LERF. The Load-In Station is covered with a 
16 steel building for weather protection. Tanker trucks and other containers are used to unload aqueous 
17 waste at the Load-In Station. To perform unloading, the tanker truck is positioned on a truck pad, a 'load-
18 in' transfer line is connected to the truck, and the tanker contents are pumped into one of the Load-In 
19 Station tanks, the surge tank, or directly to the LERF. For container unloading, the container is placed on 
20 the truck pad and the container contents are pumped into one of the Load-In Station tanks , the surge tank, 
21 or directly to the LERF. 

22 During unloading operations, solids may be removed from the waste by pumping the contents of the 
23 tanker truck or container through a filtration system. If solids removal is not needed, the fi ltration system 
24 is not used and the solution is transferred directly to the Load-In Station tanks, surge tank, or to LERF. 

25 Any leaks at the Load-In Station drain to the sump. A leak detector in the sump alarms locally and in the 
26 200 Area ETF e_Gontrol r_Room. Alarms are monitored continuously in the 200 Area ETF e_Gontrol 
27 r_Room during Load-+l n Station transfers and at least daily at times when waste is not being received at the 
28 Load-In Station. Alternatively, leaks can be visually detected. 

29 C.2.2 200 Area Effluent Treatment Facility Operating Configuration 

30 Because the operating configuration of the 200 Area ETF can be adjusted or modified, most aqueous 
31 waste streams can be effectively treated to below permitting Delisting and Discharge Permit limits. The 
32 operating configuration of the 200 Area ETF depends on the unique chemistry of an aqueous waste 
33 stream(s). Before an aqueous waste stream is accepted for treatment, the waste is characterized and 
34 evaluated. Information from the characterization is used to adjust the treatment process or change the 
35 configuration of the 200 Area ETF process units, as necessary, to optimize the treatment process for a 
36 particular aqueous waste stream. 

37 Typically, an aqueous waste is processed first in the primary treatment train, where the 200 Area ETF is 
38 configured to process an aqueous waste through the UV/OX unit first , followed by the RO unit. 
39 However, under an alternate configuration, an aqueous waste could be processed in the RO unit first. For 
40 example, high concentrations of nitrates in an aqueous waste might interfere with the performance of the 
41 UV/OX. In this case, the 200 Area ETF could be configured to process the waste in the RO unit before 
42 the UV/OX unit. 

43 The flexibility of the 200 Area ETF also allows some aqueous waste to be processed in the secondary 
44 treatment train first. For example, for small volume aqueous waste with high concentrations of some 
45 anions and metals, the approach could be to first process the waste stream in the secondary treatment 
46 train. This approach would prevent premature fouling or scaling of the RO unit. The liquid portion 
47 (i.e.,-_untreated overheads from the 200 Area ETf e.!;_vaporator Vapor Body Vessel (60IEV-l) and thin 
48 film dryer) would be sent to the primary treatment train. 
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1 Figure~ C.4~ and F+gttre-C.5~ provide example process flow diagrams for two different operating 
2 configurations. 

3 C.2.3 Primary Treatment Train 

4 The primary treatment train consists of the fo llowing processes: 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Influent Receipt/Surge tank - inlet, surge capacity 

Fi ltration - for suspended solids removal 

UV /OX - organic destruction 

pH adjustment - waste neutralization 

Hydrogen peroxide decomposition - removal of excess hydrogen peroxide 

Degasification - removal of carbon dioxide 

RO - removal of dissolved solids 

IX - removal of dissolved solids 

Verification - holding tanks during verification 

14 Influent Receipt/Surge Tank. Depending on the configuration of the 200 Area ETF, the surge tank is 
15 one inlet used to feed an aqueous waste into the 200 Area ETF for treatment. In Configuration 1 
16 (Figure C.4~ ), the surge tank is the first component downstream of the LERF. The surge tank provides 
17 a storage/surge volume for chemical pretreatment and controls feed flow rates from the LERF to the 
18 200 Area ETF. However, in Configuration 2 (Figure C.5~ ), aqueous waste from LERF is fed directly 
19 into the treatment units . In this configuration, the surge tank receives aqueous waste, which has been 
20 processed in the RO units, and provides the feed stream to the remaining downstream process units. In 
21 yet another configuration, some small volume aqueous waste could be received into the secondary 
22 treatment train first for processing. In this case, the aqueous waste would be received directly into the 
23 secondary waste receiving tanks. Finally, the surge tank also receives waste extracted from various 
24 systems within the primary and secondary treatment train while in operation. 

25 The surge tank is located outside building 2025-E the 200 Area ETF on the south side. In the surge tank 
26 (Figure C.6Q ), the pH of an aqueous waste is adjusted using the metered addition of sulfuric acid and 
27 sodium hydroxide, as necessary, to prepare the waste for treatment in downstream processes. In addition, 
28 hydrogen peroxide or biocides could be added to control biological growth in the surge tank. A pump 
29 recirculates the contents in the surge tank, mixing the chemical reagents with the waste to a uniform pH. 

30 Filtration. Two primary fi lter systems remove suspended particles in an aqueous waste: a rough fi lter 
3 l removes the larger particulates, while a fine filter removes the smaller particulates. The location of these 
32 filters depends on the configuration of the primary treatment train. However, the filters normally are 
33 located upstream of the RO units. 

34 The solids accumulating on these fi lter elements are backwashed to the secondary waste receiving tanks 
35 with pulses of compressed air and water, forcing water back through the filter. The backwash operation is 
36 initiated either automatically by a rise in differential pressure across the filter or manually by an operator. 
37 The filters are cleaned chemically when the backwashing process does not facilitate acceptable filter 
38 performance. 

39 Auxi liary fine and rough filters (e.g., disposable filters) have been installed to provide additional filtration 
40 capabilities. Depending on the configuration of the 200 Area ETF, the auxiliary filters are operated either 
41 in series with the primary filters to provide additional filtration or in parallel, instead of the primary fine 
42 and rough filters, to allow cleaning/maintenance of the primary fine and rough filters while the primary 
43 treatment train is in operation. 

44 Ultraviolet Light/Oxidation. Organic compounds contained in an aqueous waste stream are destroyed 
45 in the UV/OX system (Figure C.7G.-&). Hydrogen peroxide is mixed with the waste. The UV/OX system 
46 uses the photochemical reaction of UV light on hydrogen peroxide to form hydroxyl radicals and other 
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reactive species that oxidize the organic compounds. The final products of the complete reaction are 
2 carbon dioxide, water, and inorganic ions. 

3 Organic destruction is accomplished in two UV/OX units operating in parallel. During the UV/OX 
4 process, the aqueous waste passes through reaction chambers where hydrogen peroxide is added. While 
5 in the UV/OX system, the temperature of an aqueous waste is monitored. Heat exchangers are used to 
6 reduce the temperature of the waste should the temperature of the waste approach the upper limits for the 
7 UV /OX or RO systems. 

8 pH Adjustment. The pH of a waste stream is monitored and controlled at different points throughout the 
9 treatment process. Within the primary treatment train, the pH of a waste can be adjusted with sulfuric 

10 acid or sodium hydroxide to optimize operation of downstream treatment processes or adjusted before 
11 final discharge. For example, the pH of an aqueous waste would be adjusted in the pH adjustment tank 
12 after the UV/OX process and before the RO process. In this example, pH is adjusted to cause certain 
13 chemical species such as ammonia to form ammonium sulfate, thereby increasing the rejection rate of the 
14 RO. 

15 Hydrogen Peroxide Decomposition. Typically, hydrogen peroxide added into the UV/OX system is not 
16 consumed completely by the system. Because hydrogen peroxide is a strong oxidizer, the residual 
1 7 hydrogen peroxide from the UV /OX system is removed to protect the downstream equipment. The 
18 hydrogen peroxide decomposer uses a catalyst to break down the hydrogen peroxide that is not consumed 
19 completely in the process of organic destruction. The aqueous waste is sent through a column that breaks 
20 down the hydrogen peroxide into water and oxygen. The gas generated by the decomposition of the 
21 hydrogen peroxide is vented to the vessel off gas system. 

22 Degasification. The degasification column is used to purge dissolved carbon dioxide from the aqueous 
23 waste to reduce the carbonate loading to downstream dissolved solids removal processes within the 
24 200 Area ETF primary treatment train. The purged carbon dioxide is vented to the vessel off gas system. 

25 Reverse Osmosis (RO). The RO system (Figure C.8G.-9) uses pressure to force clean water molecules 
26 through semi-permeable membranes while keeping the larger molecule contaminants, such as dissolved 
27 solids, and large molecular weight organic materials, in the membrane. The RO process uses a staged 
28 configuration to maximize water recovery. The process produces two separate streams, including a clean 
29 'permeate' and a concentrate (or retentate), which are concentrated as much as possible to minimize the 
30 amount of secondary waste produced. 

31 The RO process is divided into first and second stages. Aqueous waste is fed to the first RO stage from 
32 the RO feed tank. The secondary waste receiving tanks of the secondary treatment train receive the 
33 retentate removed from the first RO stage, while the second RO stage receives the permeate (i.e., 'treated' 
34 aqueous waste from the first RO stage). In the second RO stage, the retentate is sent to the first stage RO 
35 feed tank while the permeate is sent to the IX system or to the surge tank, depending on the configuration 
36 of the 200 Area ETF. 

37 Two support systems facilitate this process. An anti-scale system injects scale inhibitors as needed into 
38 the feed waste to prevent scale from forming on the membrane surface. A clean-in-place system using 
39 cleaning agents, such as descalants and surfactants, cleans the membrane pores of surface and subsurface 
40 deposits that have fouled the membranes. 

41 Ion Exchange. Because the RO process removes most of the dissolved solids in an aqueous waste, the 
42 IX process (Figure C.9G:-l--O) acts as a polishing unit. The IX system consists of three columns containing 
43 beds of cation and/or anion resins. This system is designed to allow for regeneration of resins and 
44 maintenance of one column while the other two are in operation. Though the two columns generally are 
45 operated in series, the two columns also can be operated in parallel or individually. 

46 Typically, the two columns in operation are arranged in a primary/secondary (lead/lag) configuration, and 
47 the third (regenerated) column is maintained in standby. When dissolved solids breakthrough the first 
48 IX column and are detected by a conductivity sensor, this column is removed from service for 
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regeneration, and the second column replaces the first column and the third column is placed into service. 
2 The column normally is regenerated using sulfuric acid and sodium hydroxide. The resulting 
3 regeneration waste is collected in the secondary waste receiving tanks. 

4 Spent resins are transferred into a disposal container should regeneration of the IX resins become 
5 inefficient Free water is removed from the container and returned to the surge tank. Dewatered resins are 
6 transferred to a final storage/disposal point. 

7 Verification. The three verification tanks (Figure C.++ l 0) are used to hold the treated effluent whi le a 
8 determination is made that the effluent meets discharge limits. The effluent can be returned to the 
9 primary treatment train for additional treatment, or to the LERF, should a treated effluent not meet Waste 

10 Discharge Permit or Final DelistingST0004500 requirements. 

11 The three verification tanks alternate between three operating modes: receiving treated effluent, holding 
12 treated effluent during laboratory analysis and verification, or discharging verified effluent. Treated 
13 effluent may also be returned to the 200 Area ETF to provide 'clean' service water for operational and 
14 maintenance functions , e.g., for boiler water and for backwashing the filters. This recycling keeps the 
15 quantity of fresh water used to a minimum. 

16 C.2.4 Secondary Treatment Train 

17 The secondary treatment system typically receives and processes the following by-products generated 
I 8 from the primary treatment train: concentrate from the first RO stage, filter backwash, regeneration waste 
19 from the ion exchange system, and spillage or overflow received into the process sumps. Depending on 
20 the operating configuration, however, some aqueous waste could be processed in the secondary treatment 
21 train before the primary treatment train (refer to Figure~ C.4 and C.5 and Fig1:1re C.6 for example 
22 operating configurations). 

23 The secondary treatment train provides the following processes: 

24 • Secondary waste receiving - tank receiving and chemical addition 

25 • Evaporation - concentrates secondary waste streams 

26 • Concentrate staging - concentrate receipt, pH adjustment, and chemical addition 

27 • Thin film drying - dewatering of secondary waste streams 

28 • Container handling - packaging of dewatered secondary waste 

29 Secondary Waste Receiving. Waste to be processed in the secondary treatment train is received into two 
30 secondary waste receiving tanks, where the pH can be adjusted with sulfuric acid or sodium hydroxide for 
3 1 optimum evaporator performance. Chemicals, such as reducing agents, may be added to waste in the 
32 secondary waste receiving tanks to reduce the toxicity or mobility of constituents in the powder. 

33 Evaporation. The 200 Area ETF eE_vaporator Vapor Body Vessel (60IEV-l) is fed alternately by the 
34 two secondary waste receiving tanks. One tank serves as a waste receiver while the other tank is operated 
35 as the feed tank. The 200 Area ETF eE_vaporator Vapor Body ¥.Yessel (also referred to as the vapor body) 
36 is the principal component of the evaporation process (Figure C,ll-1-±). 

37 Feed from the secondary waste receiving tanks is pumped through a heater to the recirculation loop of the 
38 200 Area ETF eE_vaporator. In this loop, concentrated waste is recirculated from the 200 Area ETF 
39 eg_vaporator Vapor Body Vessel, to a heater, and back into the evaporator where vaporization occurs. As 
40 water leaves the evaporator system in the vapor phase, the concentration of the waste in the evaporator 
41 increases. When the concentration of the waste reaches the appropriate density, a portion of the 
42 concentrate is pumped to one of the concentrate tanks. 

43 The vapor that is released from the 200 Area ETF eE_vaporator Vapor Body Vessel is routed to the 
44 entrainment separator, where water droplets and/or particulates are separated from the vapor. The 
45 'cleaned' vapor is routed to the vapor compressor and converted to steam. The steam from the vapor 
46 compressor is sent to the heater (reboiler) and used to heat the recirculating concentrate in the 200 Area 
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1 E+F--eEvaporator Vapor Body Vessel. From the heater, the steam is condensed and fed to the distillate 
2 flash tank, where the saturated condensate received from the heater drops to atmospheric pressure and 
3 cools to the normal boiling point through partial flashing (rapid vaporization caused by a pressure 
4 reduction). The resulting distillate is routed to the surge tank. The non-condensable vapors, such as air, 
5 are vented through a vent gas cooler to the vessel off gas system. 

6 Concentrate Staging. The concentrate tanks make up the head end of the thin film drying process. From 
7 the 200 Area ETF e:Evaporator Vapor Body Vessel, concentrate is pumped into two concentrate tanks, 
8 and pH adjusted chemicals, such as reducing agents, may be added to reduce the toxicity or mobility of 
9 constituents when converted to powder. Waste is transferred from the concentrate tanks to the thin film 

IO dryer for conversion to a powder. The concentrate tanks function alternately between concentrate 
11 receiver and feed tank for the thin film dryer. _However, one tank may serve as both concentrate receiver 
12 and feed tank. 

13 Because low solubi lity solids (i.e., calcium and magnesium sulfate) tend to settle in the concentrate tanks, 
14 these solids must be removed to prevent fouling and to protect the thin film dryer, and to maintain 
15 concentrate tank capacity. 

16 Thin Film Drying. From the concentrate tanks, feed is pumped to the thin film dryer (Figure C. l2G-:-8) 
17 that is heated by steam. As the concentrated waste flows down the length of the dryer, the waste is dried. 
18 The dried film, or powder, is scraped off the dryer cylinder by blades attached to a rotating shaft. The 
19 powder is funneled through a cone-shaped powder hopper at the bottom of the dryer and into the 
20 Container Handling System. 

21 Overhead vapor released by the drying of the concentrate is condensed in the distillate condenser. Excess 
22 heat is removed from the distillate by a water-cooled heat exchanger. Part of the distillate is circulated 
23 back to the condenser spray nozzles. The remaining distillate is pumped to the surge tank. Any 
24 noncondenst_!!ble vapors and particulates from the spray condenser are exhausted to the vessel off gas 
25 system. 

26 Container Handling. Before an empty container is moved into the Container Handling System 
27 (Figure C . .Ll_+4), the lid is removed and the container is placed on a conveyor. The containers are moved 
28 into the container filling area after passing through an air lock. The empty container is located under the 
29 thin film dryer, and raised into position. The container is sealed to the thin film dryer and a rotary valve 
30 begins the transfer of powder to the empty container. Air displaced from the container is vented to the 
31 distillate condenser attached to the 200 Area ETF e:Evaporator Vapor Body Vessel that exhausts to the 
32 vesse l off gas system. 

33 The container is filled to a predetermined level, then lowered from the thin film dryer and moved along a 
34 conveyor. The filled container is manually recapped, and moved along the conveyor to the airlock. At 
35 the airlock, the container is moved onto the conveyor by remote control. The airlock is opened, the smear 
36 sample (surface wipe) is taken, and the contamination level counted. A 'C' ring is installed to secure the 
3 7 container lid. If the container has contaminated material on the outside, the container is wiped down and 
38 retested. Fi lled containers that pass the smear test are labeled, placed on pallets, and moved by forklift to 
39 the filled container storage area. Section C.3 provides a more detailed discussion of container handling. 

40 C.2.5 Other 200 Area Effluent Treatment Facility Systems 

41 The 200 Area ETF is provided with support systems that facilitate treatment in the primary and secondary 
42 treatment trains and that provide for worker safety and environmental protection. An overview of the 
43 following systems is provided: 

44 • Monitor and control system 

45 • Vessel off gas system 

46 • Sump collection system 

47 • Chemical injection feed system 
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4 The operation of the 200 Area ETF is monitored and controlled by a centralized computer system 
5 (i .e. ,-_monitor and control system or MCS). The MCS continuously monitors data from various field 
6 indicators, such as pH, flow, tank level, temperature, pressure, conductivity, alarm status, and valve 
7 switch positions. Data gathered by the MCS enable operations and engineering personnel to document 
8 and adjust the operation of the 200 Area ETF. 

9 Emergency communications equipment and warning systems (e.g. fire alarms and evacuation alarms) are 
10 included in Addendum J, Contingency Plan. These emergency response notification alarms are 
11 monitored continuously at central Hanford Facility locations (e.g. Hanford Fire Station) and do not rely 
12 on staff being present in the 200 Area ETF eQontrol f_Room for notification and response. 

13 C.2.5.2 Vessel Off 9:Gas System 

14 Ventilation for various tanks and vessels is provided through the vessel off gas system. The system 
15 includes a moisture separator, duct heater, pre-filter, high-efficiency particulate air filters, carbon absorber 
16 (when required to reduce organic emissions), exhaust fans , and ductwork. Gasses ventilated from the 
17 tanks and vessels enter the exhaust system through the connected ductwork. The vessel off gas system 
18 draws vapors and gasses off the following tanks and treatment systems: 

19 • Surge tank (60A-TK-1) 

20 • Vent gas cooler (off the E+H_E.vaporator Vapor Body Vessel (601-EV-1)/distillate flash tank) 
21 (601-TK-2) 

22 • pH adjustment tank (60C-TK-1) 

23 • Concentrate tanks (2025E-60J-TK-1A/ 2025E-60J-TK-1B) 

24 • Degasification system 

25 • First and second RO stages 

26 • Dry powder hopper 

27 • Effluent pH adjustment tank (60C-TK-2) 

28 • Drum capping station 

29 • Secondary waste receiving tanks (601-TK-lA /601-TK-1B) 

30 • Distillate condenser ( off the thin film dryer) 

31 • Sump tanks 1 and 2 

32 The vessel off gas system maintains a negative pressure with respect to the atmosphere, which produces a 
33 slight vacuum within tanks, vessels, and ancillary equipment for the containment of gas vapor. This 
34 system also provides for the collection, monitoring, and treatment of confined airborne in-vessel 
35 contaminants to preclude over-pressurization. The high-efficiency particulate air filters remove 
36 particulates and condensate from the air stream before these are discharged to the heating, ventilation, and 
37 air conditioning system. 

38 C.2.5.3 Sump Collection System 

39 Sump ti anks 1 and 2 compose the sump collection system that provides containment of waste streams 
40 and liquid overflow associated with the 200 Area ETF processes. The 2025-E J7e rocess aArea floor is 
41 sloped to two separate trenches that each drain to a sump tank located under the floor of building 
42 2025-Ethe 200 Area ETF (Figure C. l~ )- One trench runs the length of the primary treatment train and 
43 drains to Sump Tank 2, located underneath the verification tank pump floor. The second trench collects 
44 spillage primarily from the secondary treatment train and flows to Sump Tank 1, located near the 
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I 200 Area ETF eEvaporator Vapor Body Vesse l. Sump ti anks 1 and 2 are located below floor level 
2 (Figure C. l ill). An eductor in these tanks prevents sludge from accumulating. 

3 C.2.5.4 Chemical Injection Feed System 

4 At several points within the primary and secondary treatment trains, sulfuric acid and sodium hydroxide 
5 (or dilute solutions of these reagents) are metered into specific process units to adjust the pH. For 
6 example, a dilute solution of 4 percent sulfuric acid and 4 percent sodium hydroxide could be added to 
7 the secondary waste receiving tanks to optimize the evaporation process. 

8 C.2.5.5 Verification Tank Recycle System 

9 To reduce the amount of water added to the process, verification tank water (i.e., verified effluent) is 
l O recycled throughout the 200 Area ETF process. Tanks and ancillary equipment that use verification tank 
l l water include: 

12 • 4 percent H2SO4 solution tank and ancillary equipment 

13 • 4 percent NaOH solution tank and ancillary equipment 

14 • Clean-in-place tank and ancillary equipment 

15 • IX columns ( during resin regeneration) 

16 • 200 Area ETF ef;_vaporator Vapor Body Vessel boiler and ancillary equipment 

l 7 • Thin film dryer boiler and ancillary equipment 

l 8 • Seal water system. 

19 In addition, verification tank water is used extensively during maintenance activities. For example, it may 
20 be used to flush piping systems or to confirm the integrity of piping, a process tank, or tank truck. 

21 C.2.5.6 Utilities 

22 The 200 Area ETF maintains the following utility supply systems required for the operation of the ETF: 

23 • Cooling water system - removes heat from process water via heat exchangers and a cooling tower 

24 • Compressed air system - provides air to process equipment and instrumentation 

25 • Seal water system - provides cool, clean, pressurized water to process equipment for pump seal 
26 cooling and pump seal lubrication, and provides protection against fai lure and fluid leakage 

27 • Demineralized water system - removes solids from raw water system to produce high quality, low 
28 ion-content, water for steam boilers, and for the hydrogen peroxide feed system. 

29 • Heating, ventilation, and air conditioning system - provides continuous heating, cooling, and air 
30 humidity control throughout building 2025-Ethe ETF. 

31 The following uti lities support 200 Area ETF activities: 

32 

33 

34 

35 

36 C.3 

Electrical power 

Sanitary water 

Communication systems 

Raw water 

Containers 

3 7 This section provides specific information on container storage and treatment operations at the 200 Area 
38 ETF, including descriptions of containers, labeling, and secondary containment structures. 

39 Per Addendum A, Part A Form the maximum volume of dangerous and/or mixed waste that can be stored 
40 in containers is 147,630 liters (39,000 gallons). A list of dangerous and/or mixed waste managed in 
41 containers at the 200 Area ETF is also preseRted provided in Addendum A, Part A Form. The types of 
42 dangerous and/or mixed waste managed in containers in the 200 Area ETF could include: 
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2 • Aqueous waste received from other Hanford site sources awaiting treatment 

3 • Miscellaneous waste generated by operations and maintenance activities. 

4 The secondary treatment train processes the waste by-products from the primary treatment train, which 
5 are concentrated and dried into a powder. Containers are filled with dry powder waste from the thin fi lm 
6 dryer via a remotely controlled system. Containers of aqueous waste received from other Hanford site 
7 sources are stored at 200 Area ETF until their contents can be transferred to the process for treatment. 
8 The waste is usually transferred to the secondary waste receiving or concentration tanks. Containers at 
9 the Load-In Station are transferred into one of the Load-In Station tanks, surge tank, or directly to the 

10 LERF. Miscellaneous waste generated from maintenance and operations activities are stored at the 
11 2025-E building.g.:fF'._ The waste could include process waste, such as used filter elements; spent RO 
12 membranes; damaged equipment, and decontamination and maintenance waste, such as contaminated 
13 rags, gloves, and other personal protective equipment. Containers of miscellaneous waste wh-ie&-that 
14 have free liquids generally are packaged with absorbents. 

15 Several container collection areas could be located within the 200 Area ETF process and container 
16 handling areas. These collection areas are used only to accumulate waste in containers. Once a container 
17 is filled, the container is transferred to a container storage area (Figure c.2_; and Figure C.J 4), to another 
18 TSD unit, or to a less-than-90-day storage pad. Containers stored in the additional storage area 
19 (Figure C.J 4) are elevated or otherwise protected from contact with accumulated liquids. The 
20 2025-E cQontainer s~torage aArea within 200 Area ETF is a 22.9 x 8.5-meter (75 x 27.9-foot) room 
21 located adjacent to the 200 Area ETF p2025-E Process aAfeas. +he--€Qontainers \Vithin the container 
22 storage area are clearly labeled, and access to these containers is limited by barriers and by administrative 
23 controls. The 200 Area ETF2025-E floor provides secondary containment, and the 200 Area ETF roof 
24 and walls protects all containers from exposure to the elements. 

25 Waste also could be placed in containers for treatment as indicated in Addendum A. For example, sludge 
26 that accumulates in the bottoms of the process tanks is removed periodically and placed into containers. 
27 In this example, the waste is solidified by decanting the supernatant supernate from the container and the 
28 remainder of the waste is allowed to evaporate, or absorbents are added, as necessary, to address 
29 remaining liquids. Following treatment, this waste either is stored at the 200 Area ETF or transferred to 
30 another TSD unit. 

31 C.3.1 Description of Containers 

32 The containers used to collect and store dry powder waste are 208-liter (55-gallon) steel containers. Most 
33 of the aqueous waste received at 200 Area ETF, and maintenance and operation waste generated, are 
34 stored in 208-liter (55-gallon) steel or plastic containers; however, in a few cases, the size of the container 
35 could vary to accommodate the size of a particular waste. For example, some process waste, such as 
36 spent filters, might not fit into a 208-liter (55-gallon) container. In the case of spent resin from the 
37 IX columns, the resin is dewatered, and could be packaged in a special disposal container. In these few 
38 cases, specially sized containers could be required. In all cases, however, only approved containers are 
39 used and are compatible with the associated waste. Typically, 208-liter (55-gallon) containers are used 
40 for treatment. 

41 Current operating practices indicate the use of new 208-liter (55-gallon) containers that have either a 
42 polyethylene liner or a protective coating. Any reused or reconditioned container is inspected for 
43 container integrity before use. Overpack containers are available for use with damaged containers. 
44 Overpack containers typically are unlined steel or polyethylene. 

45 Per Addendum A, a maximum of 147,630 liters of dangerous and/or miJ(ed waste could be stored in 
46 containers in the 200 Area ETF. 
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Before use, each container is checked for signs of damage such as dents, distortion, corrosion, or 
scratched coating. For dry powder loading, empty containers on pallets are raised by a forklift and 
manually placed on the conveyor that transports the containers to the automatic filling station in the 
container handling room (Figure C . .Ll_-l-4). The container lids are removed and replaced manually 
following the filling sequence. After filling, containers exit the container handling room via the filled 
drum conveyor. Locking rings are installed, the container label is affixed, and the container is moved by 
dolly or fork lift to the 2025-E c_C_ontainer s_S_torage aAfea. 

Before receipt at 200 Area ETF, each container from other Hanford site sources is inspected for leaks, 
signs of damage, and a loose lid. _The identification number on each container is checked to ensure the 
proper container is received. The containers are typically placed on pallets and moved by dolly or forklift 
to the container storage area. These containers are later moved to the 2025-E pf rocess aArea and the 
contents transferred to the process for treatment. 

Containers used for storing maintenance and operations secondary waste are labeled before being placed 
in the container storage area or in a collection area. Lids are secured on these containers when not being 
filled. When the containers in a collection area are full , the containers are transferred by do lly or forklift 
to the container storage area or to an appropriate TSD unit. Containers used for treating waste also are 
labeled. The lids on these containers are removed as required to allow for treatment. During treatment, 
access to these containers is controlled through physical barriers and/or administrative controls. 

The filled containers in the container storage area§. are inventoried, checked for proper labeling, and 
placed on pallets or in a separate containment device as necessary. Each pallet is moved by forklift. 
Within the container storage area§_, palletized containers are stacked no more than three pallets high and in 
rows no more than two containers wide. Unobstructed aisles with a minimum of 76-centimeter (30-inch) 
aisle space separate rows. 

C.3.3 Container Labeling 

Labels are affixed on containers used to store dry powder when the containers leave the container 
handling room. Labels are affixed on other waste containers before use. Every container is labeled with 
the date that the container was filled. Appropriate major risk labels, such as "corrosive", "toxic", or 
"F-listed" , also are added. Each container also has a label with an identification number for tracking 
purposes. 

C.3.4 Containment Requirements for Managing Containers 

Secondary containment is provided in the container management areas within the-building 2025-Ee'.H'.~ 
The secondary containment provided for the tank systems also serves the container management areas. 
This section describes the design and operation of the secondary containment structure for these areas. 
Section C.2.1, and Section C.4.3 .1.2 discuss secondary containment at the Load-In Station. 

C.3.4.1 Container Secondary Containment System Design 

For the container management areas, in building 2025-E. secondary containment is provided by the 
trenches, reinforced concrete floor~ and a 15.2-::centimeter (6-inch) rise (berm) along the walls of the 
2025-E Process Area and 2025-E Ceontainer s_S_torage aArea of the 200 Area ETF provides secondary 
containment. The engineering assessment required for tanks (Final RCRA Information Needs Report, 
Mausshardt 1995) also describes the design and construction of the secondary containment provided for 
the 200 Area ETF building 2025-E container management areas. All systems were designed to national 
codes and standards (e.g. , American Society for Testing Materials, American Concrete Institute 
standards). 

The floor is composed of cast-in-place, pre-formed concrete slabs, and has a minimum thickness of 
15.2-_centimeters (6-inch). All slab joints and floor and wall joints have water stops installed at the mid­
depth of the slab. In addition, filler was applied to each joint. The floor and berms are coated with a 
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1 chemically resistant; high-solids epoxy coating system consisting of primer and top coating. This coating 
2 material is compatible with the waste managed in containers and is an integral part of the secondary 
3 containment system for containers. 

4 The floor is sloped to drain any solution in the 2025-E eQontainer s~torage aArea to floor drains along the 
5 west wall. Each floor drain consists of a grating over a 20.3-centimeter (8-inch) diameter drain port 
6 connected to a 10.2-centimeter ( 4-inch) polyvinyl chloride transfer pipe. The pipe passes under this wall 
7 and connects to a trench running along the east wall of the adjacent 2025-E p£rocess aArea. This trench 
8 drains solution to s~ump ti ank-_1. 

9 The 2025-E eQontainer s~torage aArea is separated from the 2025-E pf rocess aArea by a common wall 
10 and a door for access to the two areas (Figure C.2_J ). These two areas share a common floor and trenches 
11 that, with the 15.2-centimeter (6-inch) rise of the containing walls, form the secondary containment 
12 system for the 2025-E p~rocess aAfea and the 2025-E eQontainer s~torage aArea. 

13 C.3.4.2 Structural Integrity of Base 

14 Engineering calculations were performed showing the floor of the 2025-E eQontainer s~torage aArea is 
15 capable of supporting the weight of containers. These calculations were reviewed and certified by a 
16 professional engineer (Final RCRA Information Needs Report, Mausshardt 1995). The concrete was 
17 inspected for damage during construction. Cracks were identified and repaired to the satisfaction of the 
18 professional engineer. Documentation of these certifications is included in the engineering assessment 
19 (Final RCRA Information Needs Report. Mausshardt 1995). 

20 C.3.4.3 Containment System Capacity 

21 The 2025-E eQontainer s~torage aAfea is primarily used to store dry powder, aqueous waste awaiting 
22 treatment, and maintenance and operation waste. Where appropriate, absorbents are added to fix any 
23 trace liquids present. Large volumes of liquid are not stored in the 2025-E eQontainer s~torage aArea. 
24 However, liquids might be present in those containers that are in the treatment process. The ma1,imum 
25 volume ofv,·aste that can be stored in contai0ers in the contai0er storage area is 147,630 liters. 

26 Because they are interconnected by floor drains, both the 2025-E pf rocess aArea and the 
27 2025-E eQontainer s~torage aArea are considered in the containment system capacity. The volume 
28 available for secondary containment in the 2025-E p£rocess aA_rea is approximately 68 ,000 liters 
29 (18,000 gallons), as discussed in the engineering assessment (Final RCRA Information Needs Report. 
30 Mausshardt 1995). Using the dimensions of the 2025-E eQontainer s~torage aArea (23.6 by 8.5 by o.u_i 
31 meters [77 by 28 by 0.5 feet]) , and assuming that 50 percent of the floor area is occupied by containers, 
32 the volume of the 2025-E eQontainer s~torage aArea is 15,300 liters (4,040 gallons). The 2025-E Truck 
33 Bay loading areas (see Figures C.2 and C.3G-:4) also provides 10,500 liters (2,700 gallons) of containment 
34 as it is connected to the 2025-E Process Area and 2025-E Container Storage Area other t>.110 areas. _The 
35 combined volume of the 2025-E Truck Bay loading areas~--ane 2025-E p£ rocess aArea (including.-ane the 
36 c.Qontainer hHandling Roomarea) available for secondary containment, is 93 ,800 liters (24,810 gallons). 
3 7 This volume is greater than 10 percent of the maximum total volume of containers allowed for storage in 
38 the--BT:F building 2025-E, as discussed previously. 

39 C.3.4.4 Control of Run-on 

40 The container management areas are located within building 2025-Eilie ETF, which serves to prevent run-
41 on of precipitation. 

42 C.3.4.5 Removal of Liquids from Containment Systems 

43 The 2025-E e.Qontainer s~torage aAfea is equipped with drains that route solution to a trench in the 
44 2025-E p£rocess aAfea, which drains to s~ump ti ank 1. The sump tanks are equipped with alarms that 
45 notify operating personnel that a leak is occurring. The sump tanks also are equipped with pumps to 
46 transfer waste to the surge tank or the secondary treatment train. Additional information on removal of 
47 liquids is provided in Section C.2, and Section C.4.3.1.2. 
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C.3.4.6 Prevention of Ignitable, Reactive, and Incompatible Wastes in Containers 

2 Individual waste types (i.e. , ignitable, corrosive, and reactive) are stored in separate containers. A waste 
3 that could be incompatible with other wastes is separated and protected from the incompatible waste. 
4 Incompatible wastes are evaluated using the methodology documented in 40 CFR 264, Appendix V. For 
5 example, acidic and caustic wastes are stored in separate containers. Free liquids are absorbed in 
6 miscellaneous waste containers that hold incompatible waste. Additionally, 200 Area ETF-specific 
7 packaging requirements for these types of waste provide extra containment with each individual 
8 container. For example, each item of acidic waste is individually bagged and sealed within a lined 
9 container. 

10 C.4 Tank Systems 

11 
12 
13 
14 
15 
16 
17 
18 

This section provides specific information on tank systems and process units. This section also includes a 
discussion on the types of waste to be managed in the tanks, tank design information, integrity 
assessments, and additional information on the 200 Area ETF tanks that treat and store dangerous and/or 
mixed waste. The 200 Area ETF dangerous waste tanks are identified in Section C.4.1.1. Table C.5, 
200 Area ETF Tank Svstems Information, Table C .6, 200 Area ETF Additional Tank System Information, 
and Table C.7, Ancillary Equipment and Material Data provides individual tank volumes, dimensions, 
and construction materials. aoo--ti he relative locations of the tanks and process units in the 200 Area ETF 
are presented in Figure~ C.2 and C.3. 

19 C.4.1 Design Requirements 

20 The following sections provide an overview of the design specifications for the tanks within the 200 Area 
21 ETF. A separate discussion on the design of the process units also is provided. In accordance with the 
22 new tank system requirements of WAC 173-303-640(3), the following tank components and 
23 specifications were assessed: 

24 

25 
26 

27 

28 

29 

30 

Dimensions, capacities, wall thicknesses, and pipe connections 

Materials of construction and linings and compatibility of materials with the waste being 
processed 

Materials of construction of foundations and structural supports 

Review of design codes and standards used in construction 

Review of structural design calculations, including seismic design basis 

Waste characteristics and the effects of waste on corrosion 

31 This assessment was documented in the Final RCRA Information Needs Report (Final RCRA Information 
32 Needs Report, Mausshardt 1995; the engineering assessment performed for the 200 Area ETF tank 
33 systems by an independent professional engineer. A similar assessment of design requirements was 
34 performed for Load--il n Station tanks 59A-TK-109 and 59A-TK- l l 7 and is documented in 200 Area 
35 Ejjluent BATIAKART Implementation, ETF Truck Load-in Facility, Project W-291 H Integrity Assessment 
36 Report (W-29 lH-IAR, KEH 1995-1-994). An assessment was also performed when Load-il n Station tank 
37 59A-:.TK-:. l was placed into service for receipt of dangerous and mixed wastes. The assessment is 
38 documented in the 200 Area Effluent Treatment Facilitv Purgewater Unloading Facility Tank System 
39 Integrity Assessment (HNF-4 1604, 2009a). 

40 The specifications for the preparation, design, and construction of the tank systems at the 200 Area ETF 
41 are documented in the Design Construction Specification, Project C-018H, 242-A Evaporator/PUREX 
42 Plant Process Condensate Treatment Facility (V-C018HC1-00I, WHC 1992a). -The preparation, design, 
43 and construction ofLoad-il n Station tanks 59A-TK-109 and 59A-TK-117 are provided in the construction 
44 specifications in Project W-291, 200 Area Effluent BATIAKART Implementation ETF Truck Load-in 
45 Facility, Construction Specifications (W-291H-C2, KEH 1994). The preparation, design, and 
46 construction ofLoad-i-In Station tank 59A-TK-1 are documented in Purgewater Unloading Facility 
47 Project Documentation (HNF-39966, 200% ). 
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1 Most of the tanks in the 200 Area ETF are constructed of stainless steel. According to the design of the 
2 200 Area ETF, it was determined stainless steel would provide adequate corrosion protection for these 
3 tanks. Exceptions include Load-tln Station tank 59A-TK- l, which is constructed of fiberglass-reinforced 
4 plastic and the verification tanks, which are constructed of carbon steel with an epoxy coating. _The 
5 200 Area ETP eEvaporatorj vVapor b.B_ody Vessel (and the internal surfaces of the thin film dryer) is 
6 constructed of a corrosion resistant alloy, known as alloy 625, to address the specific corrosion concerns 
7 in the secondary treatment train. Finally, the hydrogen peroxide decomposer vessels are constructed of 
8 carbon steel and coated with a vinyl ester lining. 

9 The shell thicknesses of the tanks identified in Table C.5 represent a nominal thickness of a new tank 
10 when placed into operation. The tank capacities identified in this table represent the maximum volumes. 
11 Nominal tank volumes discussed below represent the maximum volume in a tank unit during normal 
12 operations. 

13 C.4.1.1 Codes and Standards for Tank System Construction 

14 Specific standards for the manufacture of tanks and process systems installed in the 200 Area ETF are 
15 briefly discussed in the following sections. In addition to these codes and industrial standards, a seismic 
16 analysis for each tank and process system is required [WAC l 73-303-806(4)(a)(xi)]. The seismic 
17 analysis was performed in accordance with UCRL-15910, Design and Evaluation Guidelines for 
18 Department of Energy Facilities Subjected to Natural Phenomena Hazards, Section 4 (UCRL 1987). 
19 The results of the seismic analyses are summarized in the engineering assessment of the 200 Area ETF 
20 tank systems (Final RCRA Information Needs Report, Mausshardt 1995). 

21 Storage and Treatment Tanks. The following tanks store and/or treat dangerous waste at the 200 Area 
22 ETF. 

23 Tank name Tank number 
24 Surge tank 2025E-60A-TK-1 
25 pH adjustment tank 2025E-60C-TK-1 
26 Effluent pH adjustment tank 2025E-60C-TK-2 
27 First RO feed tank 2025E-60F-TK- l 
28 Second RO feed tank 
29 Verification tanks (three) 
30 Secondary waste receiving tanks (two) 

2025E-60F-TK-2 
2025E-60H-TK-1A/1B/1 C 
2025E-60I-TK-1A/1B 
2025E-601 -EV-1 
2025E-60J-TK-1A/2025E-60J-TK-1B 
2025E-20B-TK-l/2 

31 Evaporator f¥ .Yapor b.B_ody Vessel) 
32 Concentrate tanks (two) 
33 Sump tanks (two) 
34 Distillate flash tank 
35 Load-tln Station tanks 

2025E-60I-TK-2 
2025ED-59A-TK-1 /109/117 

36 The relative location of these tanks is presented in Figure C.3. These tanks are maintained at or near 
37 atmospheric pressure. The codes and standards applicable to the design, construction, and testing of the 
38 above tanks and ancillary piping systems are as follows: 

39 

40 

41 

42 

43 
44 

45 
46 

47 

ASME - B31 .3-----­

ASME Sect. VIII, Division I 

AWS-Dl.1------­

ANSI - B16.5-----­

ASME Sect. IX------

Chemical Plant and Petroleum Refinery Piping (ASME 1990) 

Pressure Vessels (Boiler and Pressure Vessel Code, ASME 1992a) 

Structural Welding Code - Steel (A WS 1992) 

Pipe Flanges and Flanged Fittings (ANSI 1992) 

Welding and Brazing Qualifications (Boiler and Pressure Vessel 
Code, ASME 1992b) 

API 620 Design and Construction of Large Welded Low Pressure Storage 
Tanks (API 1990) 

AWWA-Dl01 >----- Welded Steel Tanks for Water Storage (A WWA 1989) 
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- Factory-Coated Bolted Steel Tanks for Water Storage 
(AWWA 1987) 

- Thermosetting Fiberglass-Reinforced Plastic Tanks 
(AWWA 1984) 

Filament Wound Glass-Fiber-Reinforced Thermoset Resin Corrosion 
Resistant Tanks. 

7 The application of these standards to the construction of 200 Area ETF tanks and independent verification 
8 of completed systems ensured that the tank and tank supports had sufficient structural strength and that 
9 seams and connections were adequate to ensure tank integrity. In addition, each tank met strict quality 

l O assurance requirements. Each tank~ constructed offsite was tested for integrity and leak tightness before 
l l shipment to the Hanford Facility. Following installation, the systems were inspected for damage to 
12 ensure against leakage and to verify proper operation. If a tank was damaged during shipment or 
13 installation, leak tightness testing was repeated onsite. 

14 C.4.1.2 Design Information for Tanks Located Outside of Building 2025-EEffluent 
15 Treatment FaGility 

16 The Load--i,In Station tanks, surge tank, and verification tanks are located outside building 2025-Efhe 
17 -e+F. These tanks are located within concrete structures that provide secondary containment. Table C.5, 
18 200 Area ETF Tank Systems Information, provides individual tank volumes, dimensions, and 
19 construction materials for tanks located outside building 2025-E. 

20 Load-In Station Tanks (59A-TK-l/ 59A-TK-109/ 59A-TK-117) and Ancillary Equipment. +he 
21 +1 oad-tln Station tanks 59 A-TK-109 and l I 7are heated and eonstrueted of stainless steel, and ba,'@ a 
22 nomiflal eapaeity of 31 ,000 liters. Load ifl tank 59A TK 1 is beated and eonstrueted of fiberg lass 
23 reinforeed plastie and has a nominal eapaeity of 24 ,500 liters. Load in tanks 59A TK l 09 and 
24 59A-TK-: l l 7 are located outside of the meta-I-Load-In Station building while +1 oad-tln Station tank 
25 59A-TK-: l is located inside the Load-In Station building. Load-In Station tanks 59A-TK-l09 and 
26 59A-TK- l l 7 are heated. Ancillary equipment includes transfer pumps, filtration systems, a double 
27 encased, fiberglass transfer pipeline, level instruments for tanker trucks, and leak detection equipment. 
28 From the Load-In Station, aqueous waste can be routed to the surge tank or to the LERF through a 
29 double-encased line. The load in tanks, sump, pumps, and truek pad are all provided with s.S.econdary 
30 containment for the Load-In Station tanks is discussed in Section C.4.3.1.2. 

3 1 Surge Tank (60A-TK-l) and Ancillary Equipment. The surge tank is eonstruetedlocated outside on 
32 the south side of stainless steel and bas a nominal eapaeity of 421 ,000 liters.bui lding 2025-E. Ancillary 
33 equipment to the surge tank includes two underground double encased (i.e., pipe-within-a-pipe) transfer 
34 lines connecting to LERF and three pumps for transferring aqueous waste to the primary treatment train. 
35 The surge tank is located at the south end of building 2025-Ethe 200 Area ETF. The surge tank is 
36 insulated and the contents heated to prevent freezing. Eductors in the tank provide mixing. 

37 Verification Tanks {60H-TK-1A/ 60H-TK-1B/ 60H-TK-1C) and Ancillary Equipment. The 
38 verification tanks are located outside and north of building 2025-Ethe ETF. The verifieation tanJcs ha,'@ a 
39 nomiHal capaeity of 2,760,000 liters eaeb. For support, the tanks have a center post with a webbing of 
40 beams that extend from the center post to the sides of the tank. The roof is constructed of epoxy covered 
41 carbon steel that is attached to the cross beams of the webbing. The tank floor also is constructed of 
42 epoxy covered carbon steel and is sloped. Eductors are installed in each tank to provide mixing. 

43 Ancillary equipment includes a return pump that provides circulation of treated effluent through the 
44 eductors. The return pump also recycles effluent back to the 200 Area ETF for retreatment and can 
45 provide service water for 200 Area ETF functions. Two transfer pumps are used to discharge treated 
46 effluent to SALDS or back to the LERF. 
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1 C.4.1.3 Design Information for Tanks Located Inside the Effluent Treatment Facility 
2 Building 2025-E 

3 Most of the 200 Area ETF tanks and ancillary equipment that store or treat dangerous and/or mixed waste 
4 are located within building 2025-Ethe ETF. The structure serves as secondary containment for the tank 
5 systems. Table C.5, 200 Area ETF Tank Systems Information, provides individual tank volumes, 
6 dimensions, and construction materials for tanks located outside building 2025-E. 

7 pH Adjustment Tank (60C-TK-1) and Ancillary Equipment. The pH adjustment tank has a nominal 
8 eapaeity of 16,000 liters. Ancillary equipment for this-the pH adjustment tank includes overflow lines to 
9 a sump tank and pumps to transfer waste to other units in the main treatment train. 

10 Effluent pH Adjustment Tank (60C-TK-2) and Ancillary Equipment. The-Ancillary equipment for 
11 the effluent pH adjustment tank has a 0orninal eapaeity of 13,700 liters. A0eillary equipme0t includes 
12 overflow lines to a sump tank and pumps to transfer waste to the verification tanks. 

13 First and Second ROReverse Osmosis Feed Tanks and Ancillary Equipment. The first RO feed tank 
14 is a vertical, stainless steel tank with a round bottom a0d has a 0omi0al eapaeity of 19,700 liters. 
15 Conversely, the second RO feed tank is a rectangular vessel with the bottom of the tank sloping sharply 
16 to a single outlet in the bottom center. The seeo0d RO feed tank has a nominal eapaeity of 7,800 liters. 
1 7 Each RO tank has a pump to transfer waste to the RO arrays. Overflow lines are routed to a sump tank. 

18 Secondary Waste Receiving Tanks (601-TK-lA/301-TK-lB) and Ancillary Equipment. Two 
19 0omi0al 69,000 liter secondary waste receiving tanks collect waste from the units in the main treatment 
20 train, such as concentrate solution (retentate) from the RO units and regeneration solution from the IX 
21 columns. These are vertical, cylindrical tanks with a semi-elliptical bottom and a flat top. Ancillary 
22 equipment includes overflow lines to a sump tank and pumps to transfer aqueous waste to the 200 Area 
23 ETF-e£ vaporator Vapor Body Vessel. 

24 Eftlueet Treatment Facility Evaporator Vapor Body Vessel (2025E-601-EV-1) and Ancillary 
25 Equipment. The 200 Area ETF e£ vaporator Vapor Body Vessel, the principal component of the 
26 evaporation process, is a cylindrical pressure vessel with a conical bottom. Aqueous waste is fed into the 
27 lower portion of the vessel. The top of the vessel is domed and the vapor outlet is configured to prevent 
28 carryover of liquid during the foaming or bumping (violent boiling) at the liquid surface.The 200 Area 
29 ERF E¥aporator The 200 Area ETF evaporator has a nominal operati0g eapaeity of approJ,imately 
30 18,500 liters. 

31 The 200 Area ETF e£ vaporator Vapor Body Vessel includes the following ancillary equipment: 

32 

33 

34 

35 

36 

37 

38 

Pre heater 

Recirculation pump 

Waste heater with steam level control tank 

Concentrate transfer pump 

Entrainment separator 

Vapor compressor with silencers 

Silencer drain pump. 

39 Distillate Flash Tank (601-TK-2) and Ancillary Equipment. The distillate flash tank is a horizontal 
40 tankthat has a 0ominal operating eapaeity of780 liters. Ancillary equipment includes a pump to transfer 
41 the distillate to the surge tank for reprocessing. 

42 Concentrate Tanks (2025E-60J-TK-1A and 2025E-60J-TK-1B) and Ancillary Equipment. Eaeh of 
43 Ancillary equipment for the two concentrate tanks lms an approximate 0ominal eapaeity of 22,700 liters. 
44 Aneillary equipment includes overflow lines to a sump tank and pumps for recirculation and transfer. 

45 Sump Tanks. Sump ti anks 1 and 2 are located below floor level. Both sump tanks are double-walled, 
46 rectangular tanks, placed inside concrete vaults. Both tanks have a working volume of 4,000 liters eaeh. 
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1 The sump tanks are located in pits below grade to allow gravity drain of solutions to the tanks. Each 
2 sump tank has two vertical pumps for transfer of waste to the secondary waste receiving tanks or to the 
3 surge tank for reprocessing. 

4 C.4.1.4 Design Information for 200 Area Effluent Treatment Facility Process Units 

5 As with the 200 Area ETF tanks , process units that treat and/or store dangerous and/or mixed waste are 
6 maintained at or near atmospheric pressure. These units were constructed to meet a series of design 
7 standards, as discussed in the following sections. Table C.6 presents the materials of construction and the 
8 ancillary equipment associated with these process units. All piping systems are designed to withstand the 
9 effects of internal pressure, weight, thermal expansion and contraction, and any pulsating flow. The 

l O design and integrity of these units are presented in the engineering assessment (Final RCRA Information 
11 Needs Report. Mausshardt 1995). 

12 Filters. The l_Load-iin Station fine and rough filter vessels (including the influent and auxiliary filters) 
13 are designed to comply with the ASME Section VIII, Division I, Pressure Vessels (Boiler and Pressure 
14 Vessel Code, ASME 1992a). The application of these standards to the construction of the 200 Area ETF 
15 filter system and independent inspection ensure that the filter and filter supports have sufficient structural 
16 strength and that the seams and connections are adequate to ensure the integrity of the filter vessels. 

17 Ultraviolet Oxidation (UV/OX) System. The UV/OX reaction chamber is designed to comply with 
18 manufacturers standards. 

19 Degasification System. The codes and standards applicable to the design, fabrication, and testing of the 
20 degasification column are identified as follows: 

21 • ASME - B31.3, Chemical Plant and Petroleum Refinery Piping (ASME 1990) 

22 • AWS - Dl.l, Structural Welding Code - Steel (AWS 1992) 

23 • ANSI - B 16.5, Pipe Flanges and Flanged Fittings (ANSI 1992) 

24 ROeYerse Osmosis System. The pressure vessels in the RO unit are designed to comply with ASME 
25 Section VIII, Division I, Pressure Vessels (Boiler and Pressure Vessel Code, ASME 1992a), and 
26 applicable codes and standards. 

27 Ion Exchange (Polishers). The IX columns are designed in accordance with ASME Section VIII, 
28 Division I, Pressure Vessels (Boiler and Pressure Vessel Code. ASME 1992a), and applicable codes and 
29 standards. Polisher piping is fabricated of type 304 stainless steel or polyvinyl chloride (PVC) and meets 
30 the requirements of ASME B3 l .3, Chemical Plant and Petroleum Refinery Piping (ASME 1990). 

31 Effluent Treatment Faeility Evaporator Vapor Body Vessel. The 200 Area ETF eEvaporator Vapor 
32 Body Vessel is designed to meet the requirements of ASME Section VIII, Division I, Pressure Vessels 
33 (Boiler and Pressure Vessel Code. ASME 1992a), and applicable codes and standards. The 200 Area 
34 e-TF-eEvaporator Vapor Body Vessel piping meets the requirements of ASME B3 l.3, Chemical Plant 
35 and Petroleum Refinery Piping (ASME 1990). 

36 Thin Film Dryer System. The thin film dryer is designed to meet the requirements of ASME 
3 7 Section VIII, Division I, Boiler and Pressure Vessel~ Code (Pressure Vessels, ASME 1992a), and 
38 applicable codes and standards. The piping meets the requirements of ASME - B3 l .3, Chemical Plant 
39 and Petroleum Refinery Piping (ASME 1990). 

40 C.4.1.5 Integrity Assessments 

41 The integrity assessment for 200 Area ETF (Final RCRA In formation Needs Report, Mausshardt 1995) 
42 attests to the adequacy of design and integrity of the tanks and ancillary equipment to ensure that the 
43 tanks and ancillary equipment will not collapse, rupture, or fail over the intended life considering 
44 intended uses. For the ll,oad-tln Station tanks, a similar integrity assessment was performed (200 Area 
45 Effluent BAT/AKART Implementation. ETF Truck Load-In Facilitv. Proiect W-29/H. Integrity 
46 Assessment Report [W-291 H-IAR, KEH 19951 and--HNF200 Area Effluent Treatment Faci/itv 
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1 Purgewater Unloading Facilitv Tank Svstem lntegritv Assessment [HNF-41604, 2009a]) . Specifically, 
2 the assessment documents the following considerations: 

3 

4 

5 
6 

7 • 

Adequacy of the standards used during design and construction of the facility 

Characteristics of the solution in each tank 

Adequacy of the materials of construction to provide corrosion protection from the solution in 
each tank 

Results of the leak tests and visual inspections 

8 The results of these assessments demonstrate that tanks and anci llary equipment have sufficient structural 
9 integrity and are acceptable for storing and treating dangerous and/or mixed waste. The assessments also 

10 state that the tanks and building were designed and constructed to withstand a design-basis earthquake. 
11 Independent, qualified registered professional engineers certified these tank assessments. 

12 The scope of the 200 Area ETF tank integrity assessment was based on characterization data from process 
13 condensate. To assess the effect that other aqueous waste might have on the integrity of the 200 Area 
14 ETF tanks, the chemistry of an aqueous waste will be evaluated for its potential to corrode a tank 
15 (e.g.,-_chloride concentrations will be evaluated). The tank integrity assessment for the l L_oad-tln Station 
16 tanks (59A-TK-109/59A-TK-117) was based on characterization data from several aqueous waste 
17 streams. The chemistry of an aqueous waste stream not considered in the l L_oad--iin Station -tank integrity 
18 assessment also will be evaluated for the potential to corrode a +1.oad--iln Station tank. 

19 Consistent with the recommendations of the integrity assessment, a corrosion inspection program was 
20 developed. Periodic integrity assessments are scheduled for those tanks predicted to have the highest 
21 potential for corrosion. These inspections are scheduled annually or longer, based on age of the tank 
22 system, materials of construction, characteristics of the waste, operating experience, and 
23 recommendations of the initial integrity assessment. These ' indicator tanks' include the concentrate 
24 tanks, secondary waste receiving tanks, and verification tanks. One of each of these tanks will be 
25 inspected yearly to determine if corrosion or coating failure has occurred. Should significant corrosion or 
26 coating failure be found, an additional tank of the same type would be inspected during the same year. In 
27 the case of the verification tanks, if corrosion or coating failure is found in the second tank, the third tank 
28 also will be inspected. If significant corrosion were observed in all three sets of tanks, the balance of the 
29 200 Area ETF tanks would be considered for inspection. For tanks predicted to have lower potential for 
30 corrosion, inspections also are performed nonroutinely as part of the corrective maintenance program. 

31 C.4.2 Additional Requirements for New Tanks 

32 Procedures for proper installation of tanks, tank supports, piping, concrete, etc., are included in 
33 Construction Specification, Project C-Ol 8H, 242-A Evaporator/PUREX Plant Process Condensate 
34 Treatment Facility (V-C018HC1-001, WHC 1992a). For the l1_oad-i,In Station tanks (59A-TK-109/ 
35 59A-TK-117), procedures are included in the construction specifications in Project W-291, 200 Area 
36 Ejjluent BAT/AKART Implementation ETF Truck Load-in Facility, Construction Specifications 
37 (W-291H-C2, KEH 1994) and Purgewater Unloading Facility Project Documentation (HNF-39966, 
38 200% ). Following installation, an independent, qualified, registered professional engineer inspected the 
39 tanks and secondary containment. Deficiencies identified included damage to the surge tank, damage to 
40 the verification tank liners, and 200 Area ETF secondary containment concrete surface cracking. All 
41 deficiencies were repaired to the satisfaction of the engineer. The tanks and ancillary equipment were 
42 leak tested as part of acceptance of the system from the construction contractor. Information on the 
43 inspections and leak tests are included in the engineering assessment (Final RCRA Information Needs 
44 Report. Mausshardt 1995). No deficiencies were identified during installation of the l1_oad-i-In Station 
45 tanks and ancillary equipment. 

46 C.4.3 Secondary Containment and Release Detection for Tank Systems 

4 7 This section describes the design and operation of secondary containment and leak detection systems at 
48 the 200 Area ETF. 
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1 C.4.3.1 Secondary Containment Requirements for All Tank Systems 

2 The specifications for the preparation, design, and construction of the secondary containment systems at 
3 the 200 Area ETF are documented in Design Construction Specification, Project C-018H, 
4 242-A Evaporator/PUREX Plant Process Condensate Treatment Facilitv (V-C018HCI-001, WHC 
5 1992a). The preparation, design, and construction of the secondary containment for the -1-Load-tln Station 
6 tanks (59A-TK- l 09/59A-TK-l 17) are provided in the construction specifications (200 Area Effluent 
7 BAT/AKART Implementation ETF Truck Load-In Facilitv, Construction Specifications, [W-29JH-C2, 
8 KEH 19941 and Purgewater UnloadingFacilitv Proiect Documentation [HNF-39966, 2009Je ). All 
9 systems were designed to national codes and standards. Constructing the 200 Area ETF per these 

IO specifications ensured that foundations are capable of supporting tank and secondary containment systems 
11 and that uneven settling and failures from pressure gradients should not occur. 

12 C.4.3.1 .1 Common Elements 

13 The fo llowing text describes elements of secondary containment that are common to all 200 Area ETF 
14 tank systems. Details on the secondary containment for specific tanks, including leak detection systems 
15 and liquids removal, are provided in Section C.4.3 .1.2. 

16 Foundation and Construction. For the tanks within the 2025-E buildingE+F, except for the sump tanks, 
17 secondary containment is provided by a coated concrete floo r and a 15 .2-centimeter (6-inch) rise (berm) 
18 along the containing walls. The double-wall construction of the sump tanks provides secondary 
19 containment. Additionally, trenches are provided in the floor that also provides containment and drainage 
20 of any liquid to a sump pit. For tanks outside building 2025-Ethe ETF, secondary containment also is 
21 provided with coated concrete floors in a containment pit (lLoad-tin Station tanks) or surrounded by 
22 concrete dikes (the surge tank and verification tanks). 

23 The transfer piping that carries aqueous waste into the 200 Area ETF is pipe-within-a-pipe construction, 
24 and is buried approximately 1.2 meters (4 feet) below ground surface. The pipes between the verification 
25 tanks and the verification tank pumps within building 2025-Ethe 200 Area ETF are located in a concrete 
26 pipe trench. 

27 For this discussion, there are five discrete secondary containment systems associated with the fo llowing 
28 tanks and ancillary equipment that treat or store dangerous waste: 

29 

30 

31 

32 

33 

34 

35 
36 
37 
38 
39 
40 

Load-ti n Station t&-tanks 

Surge tank 

2025-E Process aArea (including sump tanks) 

Sump tanks 

Verification tanks 

Transfer piping and pipe trenches 

All of the secondary containment systems are designed with reinforcing steel and base and berm thickness 
to minimize failure caused by pressure gradients, physical contact with the waste, and climatic conditions. 
Classical theories of structural analysis, soil mechanics, and concrete and structural steel design were used 
in the design calculations for the foundations and structures. These calculations are maintained at the 
200 Area ETF. In each of the analyses, the major design criteria from the following documents were 
included: 

V-C018HCl-00 t 
WHC 1992 
DOE Order 6430. lA 

HPS-SDC-4. t 
Revision 11 

Design Construction Specification, Project C-018H, 242A Evaporator/PUREX 
Plant Process Condensate Treatment Facility (WHC 1992a) 
General Design Criteria 

"Design Load for Structures," Hanford Plant Standards Architectural CiYil 
Design Criteria, Design Loads for Facilities (DOE RL 19gg) 
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23 
24 
25 
26 

27 
28 
29 
30 
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32 
33 
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Design and Evaluation Guidelines for Department of Energy Facilities 
Subjected to Natural Phenomena Hazards, Lawrence Livermore National 
Laboratory, Livermore, California (UCRL 1987) 

Uniform Building Code, 1991 Edition (ICBO 1991) 
Uniform Building Code, 1997 Edition (ICC 1997, for Load-iln Station tank 
59A-:TK-: l) 

The design and structural analysis calculations substantiate the structural designs in the referenced 
drawings. The conclusions drawn from these calculations indicate that the designs are sound and that the 
specified structural design criteria were met. This conclusion is verified in the independent design review 
that was part of the engineering assessment (Final RCRA Information Needs Report [Mausshardt 19951 , 
200 Area Effluent BATIAKART Implementation ETF Truck Load-In Facilitv. Construction Specifications. 
[W-29JH-C2, KEH 19941 , and 200 Area Etfluent Treatment Facility Purgewater Unloading Facility 
Tank System Integrity Assessment [HNF-41604, 2009a]. 

Containment Materials. The concrete floor consists of cast-in-place and preformed concrete slabs. All 
slab joints and floor and wall joints have water stops installed at the mid-depth of the slab. In addition, 
filler was applied to each joint. 

Except for the sump tank vaults, all of the concrete surfaces in the secondary containment system, 
including berms, trenches, and pits, are coated with a chemical-resistant, high-solids, epoxy coating that 
consists of a primer and a top coating. This coating material is compatible with the waste being treated, 
and with the sulfuric acid, sodium hydroxide, and hydrogen peroxide additives to the process. The 
coating protects the concrete from contact with any chemical materials that might be harmful to concrete 
and prevents the concrete from being in contact with waste material. Table C.8 summarizes the specific 
types of primer and top coats specified for the concrete and masonry surfaces in the 200 Area ETF. The 
epoxy coating is considered integral to the secondary containment system for the tanks and ancillary 
equipment. 

The concrete containment systems are maintained such that any cracks, gaps, holes, and other 
imperfections are repaired in a timely manner. Thus, the concrete containment systems do not allow 
spilled liquid to reach soil or groundwater. There are a number of personnel doorways and vehicle access 
points into the 200 Area ETF 2025-E pf_rocess aAreas. Releases of any spilled or leaked material to the 
environment from these access points are prevented by 15.2-centimeter (6-inch) concrete curbs, sloped 
areas of the floor (e.g., truck ramp), or trenches. 

Containment Capacity and Maintenance. Each of these containment areas is designed to contain more 
than 100 percent of the volume of the largest tank in each respective system. Secondary containment 
systems for the surge tank, and the verification tanks, which are outside the ETFbuilding 2025-E, also are 
large enough to include the additional volume from a 25-year, 24-hour storm event; i.e. ,-_5.3 centimeters 
(2 inches) of precipitation. 

Sprinkler System. The sprinkler system within the 200 Area ETF building 2025-E supplies firewater 
protection to the 2025-E pf_rocess aArea and the 2025-E e~ ontainer s~torage aArea. This system is 
connected to a site wide water supply system and has the capacity to supply sufficient water to suppress a 
fire at the ETF. However, in the event of failure, the sprinkler system can be hooked up to another water 
source (e.g.,-_tanker truck). 

C.4.3.1.2 Specific Containment Systems 

The following discussion presents a description of the individual containment systems associated with 
specific tank systems. 

Load-In Station Tank Secondary Containment. The ll,oad-iln Station tanks 59A-TK-109 and 
59A-TK-: 117 are mounted on a 46-centimeter (18-inch)-thick reinforced concrete slab (Drawing 
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1 H-: 2-: 817970) outside of the Load-In Station building. Secondary containment is provided by a pit with 
2 30.5-centimeter (12-inch)-thick walls and a floor constructed of reinforced concrete. The l1 oad-i!n 
3 Station tank pit is sloped to drain solution to a sump. The depth of the pit varies with the slope of the 
4 floor, with an average thickness of about I.I meters (3.5 feet) . The volume of the secondary containment 
5 is about 73,000 liters (19,300 gallons), which is capable of containing the volume of at least one l1 oad-fln 
6 Station tank (i.e., 34 ,200 liters). Leaks are detected by a leak detector that alarms locally, in the 200-_Area 
7 ETF e_Gontrol_r_Room, and by visual inspection of the secondary containment. Alarms are monitored 
8 continuously in the 200 Area ETF e_Gontrol r_Room during Load-i!n Station transfers and at least daily 
9 when there are no Load-i!n Station transfers occurring. 

IO Adjacent to the pit is a 25.4-centimeter (10-inch)-thick reinforced concrete pad that serves as secondary 
11 containment for the l1oad-iin Station tanker trucks, containers, transfer pumps, and filter system that 
12 serve as the first tanker truck unloading bay. The pad is inside the met-a+-Load-iin Station building 
13 2025-ED and is 15.2 centimeters (6 inches) below grade with north and south walls gently sloped to allow 
14 truck access. The pad has a (7.6-centimeter (3-inch} drain-:Pipe to route waste solution to the adjacent 
15 l1 oad-iln Station tank pit. The bay in the Load-In Station building is sloped to channel spi lls or leaks 
16 from containers to the Load-In Station pit. Table C.8 provides additional information on the The pad 
17 does not have protective coating for the concrete padbecause it would experience eJwessive wear from the 
18 ¥ehicle traffic. 

19 Load-iin Station tank 59A-TK-l is located on a_25.4-centimeter (10-inch)-thick reinforced concrete slab 
20 (Drawing H-2-817970) inside the metal-Load-Un Station building. The tank has a flat bottom whieh-that 
21 sits on a concrete slab in the secondary containment. Secondary containment for the tank, filter system, 
22 and t-Rlek-unloading pumps and piping is provided by an epoxy-coated catch basin with a capacity of 
23 about 3,400-_liters (900 gallons). The catch basin is sloped to route solution leaks and spills from the 
24 catch basin through a 15.2-centimeter (6-inch)-wide by ~ 22.9-centimeter (9-inch)-deep trench to the 
25 adjacent truck unloading pad. This pad drains to the Load-i!n Station ~ pit discussed above. The 
26 volume of the combined secondary containment of these two systems is greater than 76,400 liters, which 
27 is capable of holding the volume of tank 59A-TK-l~ (i .e. , 26,000 liters). 

28 Adjacent to tank 59A-TK-l catch basin is a 25.4-: centimeter (10-inch)-thick reinforced concrete pad that 
29 serves as the second tanker truck unloading bay. The pad is inside the metal Load-i!n Station building 
30 and has a 2.4-meter by 4-;{}-meter (8 by 13-feet) shallow, sloping pit to catch leaks during tanker truck 
31 unloading. The pit has a maximum depth of 6-;(} centimeters and a 15.2-: centimeter (6-inch)-wide by 
32 6:-0-: centimeter (2.4-inch)-deep trench to route leaks to the adjacent tank 59A-:TK-: l catch basin. The 
33 pad does not have protective coating beca:.we it would experience excessive v,cear from the vehicle 
34 traffi&.. The bay in the Load-In Station building is sloped to channel spills or leaks from containers to the 
35 Load-In Station pit. Coated concrete surfaces are provided for storage and unloading locations where 
36 spills and leaks could potentially occur. 

3 7 Surge Tank Secondary Containment. The surge tank is mounted on a reinforced concrete ringwall. 
38 Inside the ringwall, the flat-bottomed tank is supported by a bed of compacted sand and gravel with a 
39 high-density polyethylene liner bonded to the ringwall. The liner prevents galvanic corrosion between the 
40 soil and the tank. The secondary containment is reinforced concrete with a 15.2-centimeter (6-inch) thick 
41 floor and a 20.3-centimeter (8-inch) thick dike. The secondary containment area shares part of the 
42 southern wall of the main 2025-E pf rocess aArea. The dike eJctends up~ 2.9 meters (9.5 feet) tallte and 
43 provide!:! a coRtainment volume of 856,298856,000 liters (226,210 gallons) of secondary containmentfer 
44 the 462,000 liter surge tank. 

45 The floor of the secondary containment slopes to a sump in the northwest comer of the containment area. 
46 Leaks into the secondary containment are detected by level instrumentation in the sump~ which alarms in 
47 the 200 Area ETF e_Gontrol r_Room and/or by routine visual inspections. Sump alarms are monitored 
48 continuously in the 200 Area ETF e_Gontrol r.Room during 200 Area ETF processing operations and at 
49 least daily when 200 Area ETF is not processing waste. A sump pump is used to transfer solution in the 
50 secondary containment to a sump tank. 
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1 2025-E Process Area Secondary Containment. The 2025-E pf rocess aArea contains the tanks and 
2 ancillary equipment of the primary and secondary treatment trains, and has a jointed, reinforced concrete 
3 slab floor. The concrete floor of the 2025-E pErocess aAfea and sump tanks provides the secondary 
4 containment. This floor is a minimum of 15.2 centimeters (6 inches) thick. With doorsills 15.2 
5 centimeter (6 inches) high, the 2025-E pErocess aArea (including the 2025-E Truck Bay loading area and 
6 2025-E Container Storage Area) has a containment volume of approximately 93,800 liters 
7 (24,810 gallons) (see Section C.3.4.3). The largest tanks in the proeess area are the seeondary waste 
8 reeeiving tanks, whieh eaeh have a maximum eapaeity of 73 ,800 liters. 

9 The floor of the 2025-E pf rocess aArea is sloped to drain liquids to two trenches that drain to a-sump~. 
10 Each trench is approximately 38.1 centimeters (15 inches) wide with a sloped trough varying from 39.4 to 
11 76.2-_centimeters (15 .5 to 30 inches) deep. Leaks into the secondary containment are detected by routine 
12 visual inspections of the floor area near the tanks, ancillary equipment, and in the trenches. 

13 A small dam was placed in the trench that comes from the thin film dryer room to contain minor liquid 
14 spills originating in the dryer room to minimize the spread of contamination into the 2025-E pf rocess 
15 aAfea. The dryer room is inspected for leaks in accordance with the inspection schedule in Addendum I, 
16 Inspection Requirements. Operators clean up these minor spills by removing the liquid waste and 
17 decontaminating the spill area. 

18 A small dam was also placed in the trench adjacent to the chemical feed skid when the chemical berm 
19 area was expanded to accommodate acid and caustic pumps, which were moved indoors from the top of 
20 the surge tank to resolve a safety concern. This dam was designed to contain minor spills originating in 
21 the chemical berm area and prevent them from entering the process sump. 

22 The northwest comer of the 2025-E pf rocess aArea consists of a pump pit containing the pumps and 
23 piping for transferring treated effluent from the verification tanks to SALDS. The pit is built 1.37 meters 
24 (4.5 feet) below the 2025-E pf rocess aAfea floor level and is sloped to drain to a trench built along its 
25 north wall that routes liquid to s~ump ti ank 2_+. Leaks into the secondary containment of the pump pit 
26 are detected by routine visual inspections. 

27 Sump Tanks. The sump tanks support the secondary containment system, and collect waste from several 
28 sources, including: 

29 

30 

31 

32 

33 

34 

• 
• 

2025-E pErocess aArea drain trenches 

Tank overflows and drains 

• Container washing water 

Resin dewatering solution 

• Steam boiler blow down 

Sampler system drains. 

35 These double-contained tanks are located within unlined, concrete vaults. The sump tank levels are 
36 monitored by remote level indicators or through visual inspections from the sump covers. These 
37 indicators are connected to high- and low-level alarms that are monitored in the 200 Area ETF eQontrol 
38 rRoom during ETF processing operations and at least daily when 200 Area ETF is not processing liquid 
39 waste. -When a high-level alarm is activated, a pump is activated and the sump tank contents usually are 
40 routed to the secondary treatment train for processing. The contents also could be routed to the surge tank 
41 for treatment in the primary treatment train. In the event of an abnormally high inflow rate, a second 
42 sump pump is initiated automatically. 

43 Verification Tank~ Secondary Containment. The three verification tanks (60H-TK-1A /60H-TK-1B/ 
44 60H-TK-1C) are each mounted on ringwalls with high-density polyethylene liners similar to the surge 
45 tank. The secondary containment for the three tanks is reinforced concrete with a 15.2-centimeter 
46 (6-inch) thick floor and a 20.3-centimeter (8-inch) thick dike. The dike extends up ~ 2.4 meters (8 feet) 
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l to provide a containment of approximately 3,390,000-_liters (896,000 gallons) exceeding the capacity of a 
2 single verification tank (See Table C.5). 

3 The floor of the secondary containment slopes to a sump along the southern wall of the dike. Leaks into 
4 the secondary containment are detected by level instrumentation in the sump and/or by routine visual 
5 inspections. Sump alarms are monitored continuously in the 200 Area ETF e_Gontrol F_Room during 
6 200 Area ETF processing operations and at least daily when 200 Area ETF is not processing waste. A 
7 sump pump is used to transfer solution in the secondary containment to a sump tank. 

8 C.4.3.2 Additional Requirements for Specific Types of Systems 

9 This section addresses additional requirements in WAC 173-303-640 for double-walled tanks like the 
10 sump tanks and secondary containment for ancillary equipment and piping associated with the tank 
11 systems. 

12 C.4.3.2.1 Double-Walled Tanks 

13 The sump tanks are the only tanks in the 200 Area ETF classified as 'double-walled' tanks. These tanks 
14 are located in unlined concrete vaults and support the secondary containment system for the 
15 2025-E p£ rocess aArea. The sump tanks are equipped with a leak detector between the walls of the tanks 
16 that provide continuous monitoring for leaks. The leak detector alarms are monitored in the 200 Area 
17 ETF e_Gontrol f_Room. These sump tank alanns are monitored continuously during 200 Area ETF 
18 processing operations and at least daily when 200 Area ETF is not processing waste. The inner tanks are 
19 contained completely within the outer shells. The tanks are contained completely within the concrete 
20 structure of building 2025-Ethe 200 Area ETF so corrosion protection from external galvanic corrosion is 
2 1 not necessary. 

22 C.4.3.2.2 Ancillary Equipment 

23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 
40 
41 
42 

43 
44 
45 
46 
47 

The secondary containment provided for the tanks and process systems also serves as secondary 
containment for the ancillary equipment associated with these systems. 

Ancillary Equipment. Section C.4.3.1.2 describes the secondary containment systems that also serve 
most of the ancillary equipment within the 200 Area ETF. Between the 200 ,<\!:ea ETF building 2025-E 
and the verification tanks, a pipeline trench provides secondary containment for four pipelines connecting 
the transfer pumps (i.e., discharge and return pumps) in the 200 Area ETF with the verification tanks 
(Figure C.2, Table C.6, and Table C.7). This concrete trench crosses under the road and extends from the 
verification tank pumps to the verification tanks. Treated effluent flows through these pipelines from the 
verification tank pumps to the verification tanks. The return pump is used to return effluent to the 
200 Area ETF for use as service water or for reprocessing. 

For all of the ancillary equipment housed within building 2025-Ethe ETF, the concrete floor, trenches, 
and berms form the secondary containment system. For the ancillary equipment of the surge tank and the 
verification tanks, secondary containment is provided by the concrete floors and dikes associated with 
these tanks. The concrete floor and pit provide secondary containment for the ancillary equipment of the 
l.L_oad-+In Station tanks. 

Transfer Piping and Pipe Trenches. The two buried transfer lines between LERF and the surge tank 
have secondary containment in a pipe-within-a-pipe arrangement. The 10.2-centimeter ( 4-inch) transfer 
line has a&-a 20.3-centimeter (8-inch) outer pipe, while the 7.6-centimeter (3-inch) transfer, line has a 
15 .2-centimeter (6-.:inch) outer pipe. The pipes are fiberglass and are sloped towards the surge tank. The 
outer piping ends with a drain valve in the surge tank secondary containment. 

These pipelines are equipped with leak detection located in the annulus between the inner and outer pipes; 
the leak detection equipment can continuously 'inspect' the pipelines during aqueous waste transfers. The 
alarms on the leak detection system are monitored in the 200 Area ETF e_Gontrol F_Room. The 200 Area 
ETF e_Gontrol F_Room alarms are monitored continuously during aqueous waste transfers between LERF 
and the 200 Area ETF surge tank~ and at least daily when no transfers are occurring. A low-volume air 
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1 purge of the annulus is provided to prevent condensation buildup and minimize false alarms by the leak 
2 detection system. In the event that these leak detectors are not in service, the pipelines are inspected 
3 during transfers by opening a drain valve to check for solution in the annular space between the inner and 
4 outer pipe. 

5 The 7.6-centimeter {3-inchl transfer line between the +Load-t_ln Station tanks and the surge tank has a 
6 15.2 centimeter (6-: inchl outer pipe in a pipe-within-a-pipe arrangement. The piping is made of 
7 fiberglass-reinforced plastic and slopes towards the l1 oad--i!n Station tank secondary containment pit. 
8 The drain valve and leak detection system for the -1:_Load--il n Station tank pipelines are operated similarly 
9 to the leak detection system for the LERF to 200 Area ETF pipelines. 

10 As previously indicated, a reinforced concrete pipe trench provides secondary containment for piping 
11 under the roadway between the 200 Area ETF and the verification tanks (60H-TK-1A/60H-TK-1B/ 
12 60H-TK-l C). Three 15.2 centimeter (6-inch) thick reinforced concrete partitions divide the trench into 
13 four portions and support metal gratings over the trench. Each portion of the trench is 1.2 meters ( 4 feet) 
14 wide, 0. 76 meter (2.5 feet) deep, and slopes T10 route any solution present to l 0.2-centimeter ( 4-inchl 
15 drain lines through the north wall of the ETF building 2025-E. These drain lines route solution to s.S.ump 
16 ti ank 2 in building 2025-EETF. _The floor of the pipe trench is 30.5-_centimeters (12 inches) thick and 
17 the sides are 15 .2 centimeters (6 inches) thick. The concrete trenches are coated with water sealant and 
18 covered with metal gratings at ground level to allow vehicle traffic on the roadway. 

19 C.4.4 Tank Management Practices 

20 When an aqueous waste stream is identified for treatment or storage at 200 Area ETF, the generating unit 
21 is required to characterize the waste. Based on characterization data, the waste stream is evaluated to 
22 determine if the stream is acceptable for treatment or storage. Specific tank management practices are 
23 discussed in the following sections. 

24 C.4.4.1 .1 Rupture, Leakage, Corrosion Prevention 

25 Most aqueous waste streams can be managed such that corrosion would not be a concern. For example, 
26 an aqueous waste stream with high concentrations of chloride might cause corrosion problems when 
27 concentrated in the secondary treatment train. One approach is to adjust the corrosion control measures in 
28 the secondary treatment train . An alternative might be to blend this aqueous waste in a LERF basin with 
29 another aqueous waste that has sufficient dissolved solids, such that the concentration of the chlorides in 
30 the secondary treatment train would not pose a corrosion concern. 

31 Additionally, the materials of construction used in the tanks systems (Table C.5) make it unlikely that an 
32 aqueous waste would corrode a tank. For more information on corrosion prevention, refer to 
33 Addendum B, Waste Analysis Plan. 

34 If operating experience suggests that most aqueous waste streams can be managed such that corrosion 
35 would not be a concern, operating practices and integrity assessment schedules and requirements will be 
36 reviewed and modified as appropriate. 

37 When a leak in a tank system is discovered, the leak is immediately contained or stopped by isolating the 
38 leaking component. Following containment, the requirements of WAC 173-303-640(7), incorporated by 
39 reference, are followed. These requirements include repair or closure of the tank/tank system component, 
40 and certification of any major repairs. 

41 C.4.4.2 Overfilling Prevention 

42 Operating practices and administrative controls used at the 200 Area ETF to prevent overfilling a tank are 
43 discussed in the following paragraphs. The 200 Area ETF process is controlled by the MCS. The MCS 
44 monitors liquid levels in the 200 Area ETF tanks and has alarms that annunciate on high-liquid level to 
45 notify operators that actions must be taken to prevent overfilling of these vessels. As an additional 
46 precaution to prevent spills, many tanks are equipped with overflow lines that route solutions to s.S.ump 
47 tianks 1 and 2 to prevent the tank from overflowing into the secondary containment. These tanks include 
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1 the pH adjustment tank; RO feed tanks, effluent pH adjustment tank, secondary waste receiving tanks, 
2 and concentrate tanks. 

3 The following section discusses feed systems, safety cutoff devices, bypass systems, and pressure 
4 controls for specific tanks and process systems. 

5 Tanks. All tanks are equipped with liquid level sensors that give a reading of the tank liquid volume. All 
6 of the tanks are equipped further with liquid level alarms that are actuated if the liquid volume is near the 
7 tank overflow capacity. In the actuation of the surge tank alarm, a liquid level switch trips, sending a 
8 signal to the valve actuator on the tank influent lines, and causing the influent valves to close. To prevent 
9 tank overflows when liquid level monitors are out of service, the tank system is placed in a safe 

10 configuration by isolating the tank from influent flow until the liquid level monitoring is restored to 
11 service or daily sump level readings may be taken for tanks that overflow to Sump Tanks 1 and 2. 

12 The operating mode for each verification tank, i.e., receiving, holding, or discharging, can be designated 
13 through the MCS; modes also switch automatically. When the high-level set point on the receiving 
14 verification tank is reached, the flow to this tank is diverted and another tank becomes the receiver. The 
15 full tank is switched into verification mode. The third tank is reserved for discharge mode. 

16 The liquid levels in the pH adjustment, first and second RO feed, and effluent pH adjustment tanks are 
17 maintained within predetermined operating ranges. Should any of these tanks overflow, the excess waste 
18 is piped along with any leakage from the feed pumps to a sump tank. 

19 When waste in a secondary waste-receiving tank reaches the high-level set point, the influent flow of 
20 waste is redirected to the second tank. In a similar fashion, the concentrate tanks switch receipt modes 
21 when the high-level set point ofone tank is reached. 

22 Filter Systems. All filters at 200 Area ETF (i.e. , the Load-In Station, rough, fine, and auxiliary filter 
23 systems) are in leak-tight steel casings. For the rough and fine filters, a high differential pressure, which 
24 could damage the filter element, activates a valve that shuts off liquid flow to protect the filter element 
25 from possible damage. To prevent a high-pressure situation, the filters are cleaned routinely with pulses 
26 of compressed air that force water back through the filter. Cleaning is terminated automatically by 
27 shutting off the compressed air supply if high pressure develops. The differential pressure across the 
28 auxiliary filters also is monitored. A high differential pressure in these filters would result in a system 
29 shutdown to allow the filters to be changed out. 

30 The Load-In Station filtration system has pressure gauges for monitoring the differential pressure across 
31 each filter. A high differential pressure would result in discontinuing filter operation until the filter is 
32 replaced. 

33 Ultraviolet Light/Oxidation System and Decomposers. A rupture disk on the inlet piping to each of 
34 the UV/OX reaction vessels relieves to the pH adjustment tank in the event of excessive pressure 
35 developing in the piping system. Should the rupture disk fai l, the aqueous waste would trip the moisture 
36 sensor, shut down the UV lamps, and close the surge tank feed valve. Also provided is a level sensor to 
3 7 protect UV lamps against the risk of exposure to air. Should those sensors be actuated, the UV lamps 
38 would be shut down immediately. 

39 The piping and valving for the hydrogen peroxide decomposers are configured to split the waste flow: 
40 half flows to one decomposer and half flows to the other decomposer. Alternatively, the total flow of 
41 waste can be treated in one decomposer or both decomposers can be bypassed. A safety relief valve on 
42 each decomposer vessel can relieve excess system pressure to a sump tank. 

43 Degasification System. The degasification column is typically supplied aqueous waste feed by the pH 
44 adjustment tank feed pump. This pump transfers waste solution through the hydrogen peroxide 
45 decomposer, the fine filter, and the degasification column to the first RO feed tank. 

46 The degasification column is designed for operation at a partial vacuum. A pressure sensor in the outlet 
47 of the column detects the column pressure. The vacuum in the degasification column is maintained by a 
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l blower connected to the vesse l off gas system. The column is protected from extremely low pressure 
2 developed by the column blower by the use of an intake vent that is maintained in the open position 
3 during operation. The column liquid level is regulated by a flow control system with a high- and low-
4 level alarm. Plate-type heat exchanger cools the waste solution fed to the degasification column. 

5 RORe1,1eFse Osmosis System. The flow through the first and second RO stages is controlled to maintain 
6 constant liquid levels in the first and second stage RO feed tanks. 

7 Polisher. Typically, two of the three columns are in operation (lead/lag) and the third (regenerated) 
8 column is in standby. When the capacity of the resin in the first column is exceeded, as detected by an 
9 increase in the conductivity of the column effluent, the third column, containing freshly regenerated IX 

l 0 resin, is brought online. The first column is taken offline, and the waste is rerouted to the second column, 
11 and to the third. Liquid level instrumentation and automatically operated valves are provided in the IX 
12 system to prevent overfilling. 

13 Effluent TFeatment Faeility Evaporator Vapor Body Vessel. Liquid level instrumentation in the 
14 secondary waste receiving tanks is designed to preclude a tank overflow. A liquid level switch actuated 
15 by a high-tank liquid level causes the valves to reposition, closing off flow to the secondary waste 
16 receiving tanks. Secondary containment for these tanks routes liquids to a sump tank. 

17 Valves in the 200 Area ETF eE_vaporator Vapor Body Vessel feed line can be positioned to bypass the 
18 secondary waste around the 200 Area ETF eE_vaporator Vapor Body Vessel and to transfer the secondary 
19 waste to the concentrate tanks (2025E-60J-TK-1A/2025E-60J-TK-1B). 

20 Thin Film Dryer. The two concentrate tanks alternately feed the thin film dryer. Typically, one tank 
21 serves as a concentrate waste receiver while the other tank serves as the dryer feed tank. One tank may 
22 serve as both concentrate waste receiver and dryer feed tank. Liquid level instrumentation prevents tank 
23 overflow by diverting the concentrate flow from the full concentrate tank to the other concentrate tank. 
24 Secondary containment for these tanks routes liquids to a sump tank. 

25 An alternate route is provided from the concentrate receiver tank to the secondary waste receiving tanks. 
26 Dilute concentrate in the concentrate receiver tank can be reprocessed through the 200 Area ETF 
27 eE_vaporator Vapor Body Vessel by transferring the concentrate back to a secondary waste-receiving tank. 

28 C.4.5 Labels or Signs 

29 Each tank or process unit in the 200 Area ETF is identified by a nameplate attached in a readily visible 
30 location. Included on the nameplate are the equipment number and the equipment title. Those tanks that 
31 store or treat dangerous waste at the 200 Area ETF (Section C.4.1.1) are identified with a label, which 
32 reads PROCESS WATER/WASTE. The labels are legible at a distance of at least fifty feet or as 
33 appropriate for legibility within the 200 Area ETF. Additionally, these tanks bear a legend that identifies 
34 the waste in a manner, which adequately warns employees, emergency personnel, and the public of the 
35 major risk(s) associated with the waste being stored or treated in the tank system(s). 

36 Caution plates are used to show possible hazards and warn that precautions are necessary. Caution signs 
37 have a yellow background and black panel with yellow letters and bear the word CAUTION. Danger 
38 signs show immediate danger and signify that special precautions are necessary. These signs are red, 
39 black, and white and bear the word DANGER. 

40 Tanks and vessels containing corrosive chemicals are posted with black and white signs bearing the word 
41 CORROSIVE. DANGER - UNA UTHORIZED PERSONNEL KEEP OUT signs are posted on all exterior 
42 doors of building 2025-Ethe ETF, and on each interior door leading into the 2025-E p£ rocess aArea. 
43 Tank ancillary piping is also labeled PROCESS WATER or PROCESS LIQUID to alert personnel which 
44 pipes in the 2025-E p£ rocess aArea contains dangerous and/or mixed waste. 

45 All tank systems holding dangerous waste are marked with labels or signs to identify the waste contained 
46 in the tanks. The labels or signs are legible at a distance of at least 15-meters (SO-feet} and bear a legend 
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1 that identifies the waste in a manner that adequately warns employees, emergency response personnel , 
2 and the public, of the major risk(s) associated with the waste being stored or treated in the tank system(s). 

3 C.4.6 Air Emissions 

4 Tank systems that contain extremely hazardous waste that is acutely toxic by inhalation must be designed 
5 to prevent the escape of such vapors. To date, no extremely hazardous waste has been managed in 
6 200 Area ETF tanks and is not anticipated. However, the 200 Area ETF tanks have forced ventilation that 
7 draws air from the tank vapor spaces to prevent exposure of operating personnel to any toxic vapors that 
8 might be present. The vapor passes through a charcoal filter and two sets of high-efficiency particulate 
9 air filters before discharge to the environment. The Load-iln Station tanks and verification tanks are 

10 vented to the atmosphere. 

11 C.4.7 Management of Ignitable or Reactive Wastes in Tanks Systems 

12 Although the 200 Area ETF is permitted to accept waste that is designated ignitable or reactive, such 
13 waste would be treated or blended immediately after placement in the tank system so that the resu lting 
14 waste mixture is no longer ignitable or reactive. Aqueous waste received does not meet the definition of a 
15 combustible or flammable liquid given in National Fire Protection Association (NFPA) code number 
16 30 (NFPA 1996). The buffer zone requirements in NFPA-30, which require tanks containing combustible 
17 or flammabl e solutions be a safe distance from each other and from public way, are not applicable. 

18 C.4.8 Management of Incompatible Wastes in Tanks Systems 

19 The 200 Area ETF manages dilute solutions that can be mixed without compatibility issues. The 
20 200 Area ETF is equipped with several systems that can adjust the pH of the waste for treatment 
21 activities. Sulfuric acid and sodium hydroxide are added to the process through the MCS for pH 
22 adjustment to ensure there will be no large pH fluctuations and adverse reactions in the tank systems. 

23 C.5 Surface Impoundments 

24 This section provides specific infonnation on surface impoundment operations at the LERF, including 
25 descriptions of the liners and secondary containment structures, as required by WAC 173-303-650 and 
26 WAC l 73-303-806(4)(d). 

27 The LERF consists of three lined surface impoundments (basins) with a design operating capacity of 
28 29.5 million liters (7 .8 million gallons) each. The maximum capacity of each basin is Each basin would 
29 overflow when the basin ' s volume reaches 34 million liters (9 million gallons). The dimensions of each 
30 basin at the anchor wall are approximately 103 meters by 85 meters (338 by 278 feet) . The typical top 
3 1 dimensions of the wetted area are approximately 89 meters by 71 meters (292 by 233 feet) , while the 
32 bottom dimensions are approximately 57 by 38 meters (188 by 124 feet) . Total depth from the top of the 
33 dike to the bottom of the basin is approximately +-~ meters (26.4 feet) at the deepest point. The typical 
34 finished basin bottoms lie at about 4,-2. meters (15 feet) below the initial grade and -l--B--lfil_meters 
35 (593 feet) above sea leve l. The dikes separating the basins have a typical height of3 meters (10 feet) and 
36 typical top width of 11.6-_meters (38 feet) around the perimeter of the impoundments. 

37 C.5.1 List of Dangerous Waste 

38 A list of dangerous and/or mixed aqueous waste that can be stored in LERF is presented in Addendum A. 
39 Addendum B, Waste Analysis Plan also provides a discussion of the types of waste that are managed in 
40 the LERF. 

41 C.5.2 Construction, Operation, and Maintenance of Liner System 

42 General information concerning the liner system is presented in the fol lowing sections. Information 
43 regarding loads on the liner, liner coverage, UV light exposure prevention, and location relative to the 
44 water table are discussed. 
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2 The LERF employs a double-composite liner system with a leachate detection, collection, and removal 
3 system between the primary and secondary liners. Each basin is constructed with an upper or primary 
4 liner consisting of a high-density polyethylene geomembrane laid over a bentonite carpet liner. The lower 
5 or secondary liner in each basin is a composite of a geomembrane laid over a layer of soil/bentonite 
6 admixture with a hydraulic conductivity less than +o-+- I.OE-07 centimeters (3.9£-08 inches) per second. 
7 The synthetic liners extend up the dike wall to a concrete anchor wall that surrounds the basin at the top 
8 of the dike. A batten system bolts the layers in place to the anchor wall (Figure C . .Ll_-1--6). 

9 Figure C. 16+7- is a schematic cross-section of the liner system. The liner components, listed from the top 
IO to the bottom of the I iner system, are the following: 

11 

12 

13 

14 

15 

16 

17 
18 

19 

Primary 60-mil (l .5-millimeter [0.06 inch]) high-density polyethylene geomembrane 

Bentonite carpet liner 

Geotextile 

Drainage gravel (bottom) and geonet (sides) 

Geotextile 

Secondary 60-mil ( l.5-millimeter [0.06 inch]) high-density polyethylene geomembrane 

Soil/bentonite admixture (91 centimeters [36 inches] on the bottom, 107 centimeters [ 42 inches] 
on the sides) 

Geo textile 

20 The primary geomembrane, made of 60-mil ( 1.5-mi llimeter [0.06 inch]) high-density polyethylene, forms 
21 the basin surface that holds the aqueous waste. The secondary geomembrane, also 60-mil ( l.5-millimeter 
22 [0.06 inch]) high-density polyethylene, forms a barrier surface for leachate that might penetrate the 
23 primary liner. The high-density polyethylene chemically is resistant to constituents in the aqueous waste 
24 and has a relatively high strength compared to other lining materials. The high-density polyethylene resin 
25 specified for the LERF contains carbon black, antioxidants, and heat stabilizers to enhance its resistance 
26 to the degrading effects of UV light. The approach to ensuring the compatibility of aqueous waste 
27 streams with the LERF liner materials and piping is discussed in Addendum B, Waste Analysis Plan. 

28 Three geotextile layers are used in the LERF liner system. The layers are thin, nonwoven polypropylene 
29 fabric that chemically is resistant, highly permeable, and resistant to microbiological growth. The first 
30 two layers prevent fine so il particles from infiltrating and c logging the drainage layer. The second 
31 geotextile also provides limited protection for the secondary geomembrane from the drainage rock. The 
32 third geotextile layer prevents the mixing of the soil/bentonite admixture with the much more porous and 
33 granular foundation material. 

34 A 30.5-centimeters (12-inch)-thick gravel drainage layer on the bottom of the basins between the primary 
35 and secondary liners provides a flow path for liquid to the leachate detection, collection, and removal 
36 system. A geonet (or drainage net) is located immediately above the secondary geomembrane on the 
37 basin sidewalls. The geonet functions as a preferential flow path for liquid between the liners, carrying 
38 liquid down to the gravel drainage layer and subsequently to the leachate sump. The geonet is a mesh 
39 made of high-density polyethylene, with approximately 13-mil limeter (0.5-inch) openings . 

40 The soil/bentonite layer is 91 centimeters (36 inches) thick on the bottom of the basins and 
41 I 07-_centimeters ( 42 inches) thick on the basin sidewalls; its permeability is less than +0-+ 
42 l .OE-07 centimeters (3.9£-08 inches) per second. This composite liner design, consisting of a 
43 geomembrane laid over essentially impermeable soil/bentonite, is considered best available technology 
44 for solid waste landfills and surface impoundments. The combination of synthetic and clay liners is 
45 reported in the literature to provide the maximum protection from waste migration (Flexible Membrane 
46 Liners for Solid and Hazardous Waste Landfills -A State o{the Art Review, Forseth and Kmet 1983). 
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1 A number of laboratory tests were conducted to measure the engineering properties of the soil/bentonite 
2 admixture, in addition to extensive field tests performed on three test fills constructed near the LERF site. 
3 For establishing an optimum ratio ofbentonite to soi l for the soil/bentonite admixture, mixtures of various 
4 ratios were tested to determine permeability and shear strength. A mixture of 12 percent bentonite was 
5 selected for the soil/bentonite liner and tests described in the following paragraphs demonstrated that the 
6 admixture meets the desired permeability ofless than +o--:7-1.0E-07 centimeters (3.9E-08 inches) per 
7 second. Detailed discussion of test procedures and results is provided in Report of Geotechnical 
8 Investigation, 242-A Evaporator and PUREX Interim Storage Basins, W-105, Project Number 90-1901 
9 (Chen-Northern 1990). 

10 Direct shear tests were performed according to ASTM D3080 test procedures (Standard Test Method for 
11 Direct Shear Test of Soils Under Consolidation Drained Conditions, ASTM 1990) on soil/bentonite 
12 samples of various ratios. Based on these results, the conservative minimum Mohr-Coulomb shear 
13 strength value of30 degrees was estimated for a soil/bentonite admixture containing 12 percent bentonite. 

14 The high degree of compaction of the soil/bentonite layer [92 percent per ASTM D1557 (Test Method for 
15 Laboratorv Compaction Characteristics o(Soil Using Modified Effort (56,000 feet-pound/feet), 
16 ASTM 1991 )] was expected to maximize the bonding forces between the clay particles, thereby 
17 minimizing moisture transport through the liner. With respect to particle movement ('piping'), estimated 
18 fluid velocities in this low-permeability material are too low to move the soil particles. Therefore, piping 
19 is not considered a problem. 

20 For the soil/bentonite layer, three test fills were constructed to demonstrate that materials , methods, and 
21 procedures used would produce a soil/bentonite liner that meets the EPA permeability requirement ofless 
22 than -l-(t+l.0E-07 centimeters (3.9E-08 inches) per second. All test fills met the EPA requirements. A 
23 thorough discussion of construction procedures, testing, and results is provided in Report of Permeability 
24 Testing, Soil-bentonite Test Fill, KEH W-105, Project No 86-19005 (Chen-Northern 1991 a). 

25 The aqueous waste stored in the LERF is typically a dilute mixture of organic and inorganic constituents. 
26 Though isolated instances of soil liner incompatibility have been documented in the literature (Flexible 
27 Membrane liners for Solid and Hazardous Waste Landfills -A State of the Art Review, Forseth and 
28 Kmet 1983), these instances have occurred with concentrated solutions that were incompatible with the 
29 geomembrane liners in which the solutions were contained. Considering the dilute nature of the aqueous 
30 waste that is and will be stored in LERF and the moderate pH, and test results demonstrating the 
31 compatibility of the high-density polyethylene liners with the aqueous waste f(9090 Test Results 
32 fIWHC-SD-WI05-TD-001, 1991• ] } , gross failure of the soil/bentonite layer is not probable. 

33 Each basin also is equipped with a floating very low-density polyethylene cover. The cover is anchored 
34 and tensioned at the concrete wall at the top of the dikes, using a patented mechanical tensioning system. 
35 Figure C.15G.-l-e depict the tension mechanism and the anchor wall at the perimeter of each basin. 
36 Additional information on the cover system is provided in Section C.5.2.5. 

37 C.5.2.1.1 Material Specifications 

38 Material specifications for the liner system and leachate collection system, including liners, drainage 
39 gravel, and drainage net are discussed in the following sections. Material specifications are documented 
40 in the Final Specifications 242-A Evaporator and PUREX Interim Retention Basins 
41 (W-105/83360/ER-0 156, KEH 1990a) and Construction Specifications for 242-A Evaporator and PUREX 
42 Interim Retention Basins (W-105, KEH 1990s ). 

43 Geomembrane Liners. The high-density polyethylene resin for geomembranes for the LERF meets the 
44 material specifications listed in Table C.9. Key physical properties include thickness (60-mil 
45 [ l .5-:.millimeters] [0.06-inch] r60 mil]) and impermeability (hydrostatic resistance of over 360,000 
46 316,000 kilogram per square meter [450 pounds per square inch]). Physical properties meet National 
47 Sanitation Foundation Standard 54 (Flexible Membrane Liners, NSF 1985). Testing to determine if the 
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1 liner material is compatible with typical dilute waste solutions was performed and documented in 
2 9090 Test Results (WHC-SD-Wl05-TD-001, 1991). 

3 Soil/Bentonite Liner. The soil/bentonite admixture consists of 11.5 to 14.5 percent bentonite mixed into 
4 well-graded silty sand with a maximum particle size of 4.75 millimeters (0.187 inch) (No. 4 sieve). Test 
5 fills were performed to confirm the soil/bentonite admixture applied at LERF has hydraulic conductivity 
6 less than -1-(t1 1 .0E-07 centimeters (3.9E-08 inches) per second, as required by WAC 173-303-650(2)(j) for 
7 new surface impoundments. 

8 Bentonite Carpet Liner. The bentonite carpet liner consists ofbentonite (90 percent sodium 
9 montmorillonite clay) in a primary backing of woven polypropylene with nylon filler fiber, and a cover 

10 fabric of open weave spun lace polyester. The montmorillonite is anticipated to retard migration of 
11 solution through the liner, exhibiting a favorable cation exchange for adsorption of some constituents 
12 (such as ammonium). Based on composition of the bentonite carpet and of the type of aqueous waste 
13 stored at LERF, no chemical attack, dissolution, or degradation of the bentonite carpet liner is anticipated. 

14 Geotextile. The nonwoven geotextile layers consist oflong-chain polypropylene polymers containing 
15 stabilizers and inhibitors to make the filaments resistant to deterioration from UV light and heat exposure. 
16 The geotextile layers consist of continuous geotextile sheets held together by needle punching. Edges of 
17 the fabric are sealed or otherwise finished to prevent outer material from pulling away from the fabric or 
18 raveling. 

19 Drainage Gravel. The drainage layer consists of thoroughly washed and screened, naturally occurring 
20 rock meeting the size specifications for Grading Number 5 in Washington State Department of 
21 Transportation construction specifications (Standard Specification for Road. Bridge, and Municipal 
22 Construction, WSDOT 1988). The specifications for the drainage layer are given in Table C. l 0. 
23 Hydraulic conductivity tests (Tests o(Drainage Rock for the V797 Project, Hanford, Washington.· Tests 
24 o(Drainage Rock for the W/05 Project, Hanford, Washington; Tests o(Drainage Rock for the Wl05 
25 Project, Hanford, Washington, CNI Word Order No. 2527, Chen-Northern 1992a, 1992b, 19920) showed 
26 the drainage rock used at LERF met the sieve requirements and had a hydraulic conductivity of at least 
27 1 centimeter (0.4 inches) per second, which exceeded the minimum of at least 0.1 centimeters 
28 (0.04 inches) per second required by WAC l 73-303-650(2)(j) for new surface impoundments. 

29 Geo net. The geonet is fabricated from two sets of parallel high-density polyethylene strands, spaced 
30 1.3 centimeters (0.5 inches) center-to-center maximum to form a mesh with minimum two strands per 
31 2.54 centimeter (1 inch) in each direction. The geonet is located between the liners on the sloping 
32 sidewalls to provide a preferential flow path for leachate to the drainage gravel and subsequently to the 
33 leachate sump. 

34 Leachate Collection Sump. Materials used to line the 3 .0 meter by 1.8-metef by 0.30-meter 
35 (10 by 6 by 1-feet)-deep leachate sump, at the bottom of each basin in the northwest comer, include [from 
36 top to bottom (Figure C.ll+&)]: 

37 

38 

39 

40 

41 

• 

• 

25 millimeter (1 inch) high-density polyethylene flat stock (supporting the leachate riser pipe) 

Geotextile 

60-mil (1 .5-millimeter [0.06 inch]) high-density polyethylene rub sheet 

Secondary composite liner: 

60-mil O .5-millimeter [0.06 inch]) high-density polyethylene geomembrane 

42 91 centimeters (36 inches) of soil/bentonite admixture 

43 Geotextile 

44 Specifications for these materials are identical to those discussed previously. 

45 Leachate System Risers. Risers for the leachate system consist of 25.4-centimeter (1 0-inch) and 
46 l 0.2-centimeter ( 4-inch) pipes from the leachate collection sump to the catch basin northwest of each 
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1 basin (Figure C.11+&). The risers lay below the primary liner in a gravel-filled trench that also extends 
2 from the sump to the concrete catch basin (Figure C.11+9). 

3 The risers are high-density polyethylene pipes fabricated to meet the requirements in ASTM D1248 
4 (ASTM 1989). The 25.4-centimeter (I O-inch) ri ser ~ is perforated every 20.3 centimeters (8 inches) 
5 with 1.3-centimeter (0.5-inch) holes around the diameter. Level sensors and leachate pump are inserted in 
6 the 25.4-centimeter (1 0-inch) riser ~ to monitor and remove leachate from the sump. To prevent 
7 clogging of the pump and piping with fine particulate, the end of the riser is encased in a gravel-filled box 
8 constructed of high-density polyethylene geonet and wrapped in geotextile. The 10.2-centimeter (4-inch) 
9 riser ~ is perforated every 10.2 centimeters (4 inches) with 0.64-centimeter (1 /4-inch) holes around the 

IO diameter. A level detector is inserted in the 10.2-centimeter ( 4-inch) riser~ . 

11 Leachate Pump. A deep-well submersible pump, designed to deliver approximately ++-012. liters 
12 (5 gallons) per minute, is installed in the 25.4-centimeter O 0-inch) leachate riser in each basin. Wetted 
13 parts of the leachate pump are made of 316L stainless steel, providing both corrosion resistance and 
14 durability. 

15 C.5.2.1.2 Loads on Liner System 

16 The LERF liner system is subjected to the following types of stresses. 

17 Stresses from Installation or Construction Operations. Contractors were required to submit 
18 construction quality control plans that included procedures, techniques, tools, and equipment used for the 
19 construction and care of liner and leachate system. Methods for installation of all components were 
20 screened to ensure that the stresses on the liner system were kept to a minimum. 

21 Calculations were performed to estimate the risk of damage to the secondary high-density polyethylene 
22 liner during construction ( Calculations for Liquid Effluent Retention Facilitv bERF-Part B Permit 
23 Application [HNF-SD-LEF-TI-005, 1997]). The greatest risk expected was from spreading the gravel 
24 layer over the geotextile layer and secondary geomembrane. The results of the calculations show that the 
25 strength of the geotextile was sufficiently high to withstand the stress of a small gravel spreader driving 
26 on a minimum of 15 centimeters (6 inches) of gravel over the geotextile and geomembrane. The 
27 likelihood of damage to the geomembrane lying under the geotextile was considered low. 

28 To avoid driving heavy machinery directly on the secondary liner, a 28-meter (90-foot) conveyer was 
29 used to deliver the drainage gravel into the basins. The gravel was spread and consolidated by hand tools 
30 and a bulldozer. The bulldozer traveled on a minimum thickness of 30.5 centimeters (12 inches) of 
31 grave l. Where the conveyer assembly was placed on top of the liner, cribbing was placed to distribute the 
32 conveyer weight. No heavy equipment was allowed for use directly in contact with the geomembranes. 

33 Additional calculations were performed to estimate the ability of the leachate riser pipe to withstand the 
34 static and dynamic loading imposed by lightweight construction equipment riding on the gravel layer 
35 (Calculations for Liquid Effluent Retention Facilitv Part B Permit Application. HNF-SD-LEF-Tl-005, 
36 1997). Those calculations demonstrated that the pipe could buckle under the dynamic loading of small 
3 7 construction equipment; therefore, the pipe was avoided by equipment during spreading of the drainage 
38 gravel. 

39 Installation of synthetic lining materials proceeded only when winds were less than 24 kilometers 
40 (15 mi les) per hour, and not during precipitation. The minimum ambient air temperature for unfolding or 
41 unrolling the high-density polyethylene sheets was -10°Celsius (C-,) (14°Fahrenheit [F]), and a minimum 
42 temperature of 0~C (32°F) was required for seaming the high-density polyethylene sheets. Between 
43 shifts, geomembranes and geotextile were anchored with sandbags to prevent lifting by wind. 
44 Calculations were performed to determine the appropriate spacing of sandbags on the geomembrane to 
45 res ist lifting caused by 130: kilometer (80-mile) per hour winds ( Calculations for Liquid Effluent 
46 Retention Facility Part B Permit Application, HNF-SD-LEF-TI-005, 1997). All of the synthetic 
47 components contain UV light inhibitors and no impairment of performance is anticipated from the short-

Addendum C.31 



PCN-LERF-ETF-2015-02 WA 7890008967 
LERF and 200 Area ETF 

1 term UV light exposure during construction. Section C.5.2.4 provides further detail on exposure 
2 prevention. 

3 During the laying of the soil/bentonite layer and the overlying geomembrane, moisture content of the 
4 admixture was monitored and adjusted to ensure optimum compaction and to avoid development of 
5 cracks. 

6 C.5.2.1.3 Static and Dynamic Loads and Stresses from the Maximum Quantity of Waste 

7 When a LERF basin is full, liquid depth is approximately 6:46.8 meters {22.2 feet) . Static load on the 
8 primary liner is roughly 6,400 kilograms per square meter {9.1 pounds per square inch). Load on the 
9 secondary liner is slightly higher because of the weight of the gravel drainage layer. Assuming a density 

l 0 of 805 kilograms per square cubic meter (50 pounds per cubic foot) for the drainage gravel [ conservative 
11 estimate based on specific gravity of2.65 (Simplified Design o{BuildingFoundations, Ambrose 1988)], 
12 the secondary high-density polyethylene liner carries approximately 7,200 kilograms per square meter 
13 (l 0.2 pounds per square inch) of load when a basin is full. 

14 Side slope liner stresses were calculated for each of the layers in the basin sidewalls and for the pipe 
15 trench on the northwest comer of each basin ( Calculations for Liquid Effluent Retention Facility Part B 
16 Permit Application, HNF-SD-LEF-TI-005, 1997). Results of these calculations indicate factors of safety 
17 against shear were 1.5 or greater for the primary geomembrane, geotextile, geonet, and secondary 
18 geomembrane. 

19 Because the LERF is not located in an area of seismic concern, as identified in Appendix VI of 
20 40 CFR 264 and WAC l 73-303-282(6)(a)(I), discussion and calculation of potential seismic events are 
21 not required. 

22 C.5.2.1.4 Stresses Resulting from Settlement, Subsidence, or Uplift 

23 Uplift stresses from natural sources are expected to have negligible impact on the liner. Groundwater lies 
24 approximately 62 meters (200 feet) below the LERF, average annual precipitation is only 16 centimeters 
25 (6.3 inches), and the average unsaturated permeability of the soils near the basin bottoms is high, ranging 
26 from about 5.5E-04~ 4 centimeters (2.2E-04 inches) per second to about 1 centimeter (0.4 inches) per 
27 second (Additional Information for Proiect W-105, Part B Permit Application, Chen-Northern 1991b). 
28 Therefore, no hydrostatic uplift forces are expected to develop in the soil underneath the basins. In 
29 addition, the soil under the basins consists primarily of gravel and sand, and contains few or no organic 
30 constituents. Therefore, uplift caused by gas production from organic degradation is not anticipated. 

31 Based on the design of the soil-bentonite liner, no structural uplift stresses are present within the lining 
32 system (Additional Information for Proiect W-105, Part B Permit Application, Chen-Northern 1991b). 

33 Regional subsidence is not anticipated because neither petroleum nor extractable economic minerals are 
34 present in the strata underlying the LERF basins, nor is karst ( erosive limestone) topography present. 

35 Dike soils and soil/bentonite layers were compacted thoroughly and proof-rolled during construction. 
36 Calculation of settlement potential showed that combined settlement for the foundation and soil/bentonite 
37 layer is expected to be about 2.7 centimeters {l. l inches). Settlement impact on the liner and basin 
38 stability is expected to be minimal (Additional Information for Proiect W-105, Part B Permit Application, 
39 Chen-Northern 1991b). 

40 C.5.2.1.5 Internal and External Pressure Gradients 

41 Pressure gradients across the liner system from groundwater are anticipated to be negligible. The LERF 
42 is about 62 meters (200 feet) above the seasonal high water table, which prevents buildup of water 
43 pressure below the liner. The native gravel foundation materials of the LERF are relatively permeable 
44 and free draining. The 2 percent slope of the secondary liner prevents the pooling of liquids on top of the 
45 secondary liner. Finally, the fill rate of the basins is slow enough (average 190 liters [50 gallons] per 
46 minute) that the load of the liquid waste on the primary liner is gradually and evenly distributed. 
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1 To prevent the buildup of gas between the liners, each basin is equipped with 21 vents in the primary 
2 geomembrane located above the maximum water level that allow the reduction of any excess gas 
3 pressure. Gas passing through these vents exit through a single pipe that penetrates the anchor wall into a 
4 carbon adsorption filter. This filter extracts nearly all of the organic compounds, ensuring that emissions 
5 to the air from the basins are not toxic. 

6 C.5.2.2 Liner System Location Relative to High-Water Table 

7 
8 
9 

10 
11 
12 
13 

The lowest point of each LERF basin is the northwest comer of the sump, where the typical sub grade 
elevation is 175 meters (574 feet) above mean sea level. Based on data collected from the groundwater 
monitoring wells at the LERF site, the seasonal high-water table is located approximate ly 62 meters 
(200 feet) or more below the lowest point of the basins. This substantial thickness of unsaturated strata 
beneath the LERF provides ample protection to the liner from hydrostatic pressure because of 
groundwater intrusion into the soil/bentonite layer. Further discussion of the unsaturated zone and site 
hydrogeology is provided in Addendum D, Groundwater Monitoring Plan. 

14 C.5.2.3 Liner System Foundation 

15 Foundation materials are primarily gravels and cobbles with some sand and silt. The native soils onsite 
16 are derived from unconsolidated Holocene sediments. These sediments are fluvial and glaciofluvial sands 
17 and gravels deposited during the most recent glacial and postglacial event. Grain-size distributions and 
18 shape analyses of the sediments indicate that deposition occurred in a high-energy environment (Report of' 
19 Geotechnical Investigation, 242-A Evaporator and PUREX Interim Storage Basins. Hanford Federal 
20 Reservation. W-105, Project No 90-1901, Chen-Northern 1990). 

21 Analysis of five soil borings from the LERF site was conducted to characterize the natural foundation 
22 materials and to determine the suitabi lity of onsite soils for construction of the impoundment dikes and 
23 determine optimal design factors . Well-graded gravel containing varying amounts of silt, sand, and 
24 cobbles comprises the layer in which the basins were excavated. This gravel layer extends to depths of 
25 10 to 11 meters (33 to 36 feet) below land surface (Report of Geotechnical Investigation, 
26 242-A Evaporator and PUREX Interim Storage Basins, Hanford Federal Reservation, W-105, Project No 
27 90-190 l, Chen-Northern 1990). The basins are constructed directly on the subgrade. Excavated soils 
28 were screened to remove oversize cobbles (greater than 15 centimeters [6 inches] in the largest 
29 dimension) and used to construct the dikes. 

30 Settlement potential of the foundation material and soil/bentonite layer was found to be low. The 
31 foundation is comprised of undisturbed native soils. The bottom of the basin excavation lies within the 
32 well-graded gravel layer, and is dense to very dense. Below the gravel is a layer of dense to very dense 
33 poorly graded and well-graded sand. Settlement was calculated for the gravel foundation soils and for the 
34 soil/bentonite layer, under the condition of hydrostatic loading from 6-:-4-6.8 meters (22.2 feet) of fluid 
35 depth. The combined settlement for the soils and the soil/bentonite layer is estimated to be about 
36 2.7-_centimeters (1.1 inches). This amount of settlement is expected to have minimal impact on overall 
37 liner or basin stability (Additional Information for Proiect W-1 05, Part B Permit Application, 
3 8 Chen-N orthem 1991 b ). Settlement calculations are provided in Calculations for Liquid Ejjluent 
39 Retention Facility Part B Permit Application (HNF-SD-LEF-TI-005, 1997). 

40 The load bearing capacity of the foundation material, based on the soil analysis discussed previously, is 
41 estimated at about 48,800 kilograms per square meter (69 pounds per square inch) [maximum advisable 
42 presumptive bearing capacity (Basic Soils Engineering, Hough 1969)]. Anticipated static and dynamic 
43 loading from a full basin is estimated to be less than 9,000 kilograms per square meter (13 pounds per 
44 square inch) (Section C.5.2.1.3) , which provides an ample factor of safety. 

45 When the basins are empty, excess hydrostatic pressure in the foundation materials under the liner system 
46 theoretically could result in uplift and damage. However, because the native soil forming the foundations 
47 is unsaturated and relatively permeable, and because the water table is located at a considerable depth 
48 beneath the basins, any infiltration of surface water at the edge of the basin is expected to travel 
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1 predominantly downward and away from the basins, rather than collecting under the excavation itself. 
2 No gas is expected in the foundation because gas-generating organic materials are not present. 

3 Subsidence of undisturbed foundation materials is generally the result of fluid extraction (water or 
4 petroleum), mining, or karst topography. Neither petroleum, mineral resources, nor karst are believed to 
5 be present in the sediments overlying the Columbia River basalts. Potential groundwater resources do 
6 exist below the LERF. Even if these sediments were to consolidate from fluid withdrawal, their depth 
7 most likely would produce a broad, gently sloping area of subsidence that would not cause significant 
8 strains in the LERF liner system. Consequently, the potential for subsidence related failures are expected 
9 to be negligible. 

10 Borings at the LERF site, and extensive additional borings in the 200 East Area, have not identified any 
11 significant quantities of soluble materials in the foundation soil or underlying sediments (Last et al. 
12 Hydrogeology of the 200 Are Low-Level Burial Grounds - An Interim Report, PNL-6820, 1989). 
13 Consequently, the potential for sinkholes is considered negligible. 

14 C.5.2.4 Liner System Exposure Prevention 

15 Both primary and secondary geomembranes and the floating cover are stabilized with carbon black to 
16 prevent degradation from UV light. Furthermore, none of the liner layers experience long-term exposure 
17 to the elements. During construction, thin polyethylene sheeting was used to maintain optimum moisture 
18 content and provide protection from the wind for the soil/bentonite layer until the secondary 
19 geomembrane was laid in place. The secondary geomembrane was covered by the geonet and geotextile 
20 as soon as quality control testing was complete. Once the geotextile layer was completed, drainage 
21 material immediately was placed over the geotextile. The final (upper) geotextile layer was placed over 
22 the drainage gravel and immediately covered by the bentonite carpet liner. This was covered 
23 immediately, in tum, by the primary high-density polyethylene liner. 

24 Both high-density polyethylene liners, geotextile layers, and geonet are anchored permanently to a 
25 concrete wall at the top of the basin berm. During construction, liners were held in place with many 
26 sandbags on both the basin bottoms and side slopes to prevent wind from lifting and damaging the 
27 materials. Calculations were performed to determine the amount of fluid needed in a basin to prevent 
28 wind lift damage to the primary geomembrane. Approximately 15 to 20 centimeters (6 to 8 inches) of 
29 solution are kept in each basin to minimize the potential for uplifting the primary liner (Calculations for 
30 Liquid Effluent Retention Facility Part B Permit Application. HNF-SD-LEF-TI-005, 1997). 

31 The entire lining system is covered by a very low-density polyethylene floating cover that is bolted to the 
32 concrete anchor wall. The floating cover prevents evaporation and intrusion from dust, precipitation, 
33 vegetation, animals, and birds. A patented tensioning system is employed to prevent wind from lifting the 
34 cover and automatically accommodate changes in liquid level in the basins. The cover tension 
35 mechanism consists of a cable running from the flexible geosynthetic cover over a pulley on the tension 
36 tower (located on the concrete anchor wall) to a dead man anchor. These anchors (blocks) simply hang 
37 from the cables on the exterior side of the tension towers. The anchor wall also provides for solid 
38 attachment of the liner layers and the cover, using a 6.4-millimeter (1 /4-inch) batten and neoprene gasket 
39 to bolt the layers to the concrete wall, effectively sealing the basin from the intrusion of light, 
40 precipitation, and airborne dust (Figure C.U M ). 

41 The floating cover, made of very low-density polyethylene with UV light inhibitors, is not anticipated to 
42 experience unacceptable degradation during the service life of the LERF. The very low-density 
43 polyethylene material contains carbon black for UV light protection, anti-oxidants to prevent heat 
44 degradation, and seaming enhancers to improve its ability to be welded. A typical manufacturer's limited 
45 warranty for weathering of very low-density polyethylene products is 20 years (Poly America, undated). 
46 This provides a margin of safety for the anticipated medium-term use of the LERF for aqueous waste 
47 storage. 
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1 The upper 3.4 to 4.6 meters (11 to 15 feet) of the sidewall liner also could experience stresses in response 
2 to temperature changes. Accommodation of thermal influences for the LERF geosynthetic layers is 
3 affected by inclusion of sufficient slack as the liners were installed. Calculations demonstrate that 
4 approximately 67 centimeters (2.2 feet) of slack is required in the long basin bottom dimension, 
5 46-_centimeters (1.5 feet) across the basin, and 34 centimeters (1.1 feet) from the bottom of the basin to 
6 the top of the basin wall (Calculations for Liquid Effluent Retention Facilitv Part B Permit Application, 
7 HNF-SD-LEF-TI-005, 1997). 

8 Thermal stresses also are experienced by the floating cover. As with the geomembranes, sufficient slack 
9 was included in the design to accommodate thermal contraction and expansion. 

10 C.5.2.4.1 Liner Repairs During Operations 

11 Should repair of a basin liner be required while the basin is in operation, a sufficient quantity of the basin 
12 contents will be transferred to the 200 Area ETF or another available basin7 to allow access for the repair 
13 activities. After the liner around the leaking or damaged section is cleaned, repairs to the geomembrane 
14 will be made by the application of a piece of high density polyethylene sheeting, sufficient in size to 
15 extend approximately 8 to 15 centimeters be:,·ond the damaged area, or as recommended by the liner 
16 vendor. A round or oval patch will be installed using the same type of equipment and criteria used for the 
17 initial field installationsothers knowledgeable in liner repair;7 such as a professional engineer that has 
18 adequate knowledge and experience to make recommendations in liner repairs. The criteria for selecting 
19 a person or company to make liner repair recommendations is determined by the Permittees for the LERF 
20 basins. Selection criteria could include educational background, related experience, and professional 
21 qualifications. 

22 C.5.2.4.2 Control of Air Emissions 

23 The floating covers limit evaporation of aqueous waste and releases of volatile organic compounds into 
24 the atmosphere. To accommodate volumetric changes in the air between the fluid in the basin and the 
25 cover, and to avoid problems related to 'sealing' the basins too tightly, each basin is equipped with a 
26 carbon filter breather vent system. Any air escaping from the basins must pass through this vent, 
27 consisting of a pipe that penetrates the anchor wall and extends into a carbon adsorption filter unit. 

28 C.5.2.5 Liner Coverage 

29 The liner system covers the entire ground surface that underlies the retention basins. The primary liner 
30 extends up the side slopes to a concrete anchor wall at the top of the dike encircling the entire basin 
31 (Figure C..Ll_¼ ). 

32 C.5.3 Prevention of Overtopping 

33 Overtopping prevention is accomplished through administrative controls and liquid-level instrumentation 
34 installed in each basin. The instrumentation includes local liquid-level indication as well as remote 
35 indication at the 200 Area ETF. Before an aqueous waste is transferred into a basin, administrative 
36 controls are implemented to ensure overtopping will not occur during the transfer. The volume of feed to 
37 be transferred is compared to the available volume in the receiving basin. The transfer is not initiated 
38 unless there is sufficient volume available in the receiving basin or a cut-off level is established. The 
39 transfer into the basin would be stopped when this cut-off level is reached. 

40 In the event of a 25-year, 24-hour storm event, precipitation would accumulate on the basin covers. 
41 Through the self-tensioning design of the basin covers and maintenance of adequate freeboard, all 
42 accumulated precipitation would be contained on the covers and none would flow over the dikes or 
43 anchor walls. The 25-year, 24-hour storm is expected to deliver 5.3 centimeters (2 .1 inches) ofrain or 
44 approximately 0.61 eenti-meters (2 feet) of snow. Cover specifications include the requirement that the 
45 covers be able to withstand the load from this amount of precipitation. Because the cover floats on the 
46 surface of the fluid in the basin, the fluid itself provides the primary support for the weight of the 
47 accumulated precipitation. Through the cover self-tensioning mechanism, there is ample 'give' to 
48 accommodate the overlying load without overstressing the anchor and attachment points. 
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Rainwater and snow evaporate readily from the cover, particularly in the arid Hanford Facility climate, 
where evaporation rates exceed precipitation rates for most months of the year. The black color of the 
cover further enhances evaporation. Thus, the floating cover prevents the intrusion of precipitation into 
the basin and provides for evaporation of accumulated rain or snow. 

C.5.3.1 Freeboard 

Under current operating conditions, 0.61 meter (2 feet) of freeboard is maintained at each LERF basin, 
which corresponds to an operating level of 6.8 meters (22.2 feet) , or operating capacity 29 .5-_million liters 
{7.8 million gallons) . 

C.5.3.2 Immediate Flow Shutoff 

The mechanism for transferring aqueous waste is either through pump transfers with on/off switches or 
through gravity transfers with isolation valves. These methods provide positive ability to shut off 
transfers immediately in the event of overtopping. Overtopping a basin during a transfer is very unlikely 
because the low flow rate into the basin provides long response times. At a flow rate of 284 liters 
(75 gallons) per minute, approximately 11 days would be required to fill a LERF basin from the 6-:-&-­
metetmaximum operating level to overflow level(i.e. , 0.61 meter of freeboard) to maJlimum capacity of 
34 million liters (i.e. , the 7.4 meter level). 

C.5.3.3 Outflow Destination 

Aqueous waste in the LERF is transferred routinely to 200 Area ETF for treatment. However, should it 
be necessary to immediately empty a basin, the aqueous waste either would be transferred to the 200 Area 
ETF for treatment or transferred to another basin (or basins), whichever is faster. If necessary, a 
temporary pumping system may be installed to increase the transfer rate. 

C.5.4 Structural Integrity of Dikes 

The structural integrity of the dikes was certified attesting to the structural integrity of the dikes, signed 
by a qualified, registered professional engineer. 

C.5.4.1 Dike Design, Construction, and Maintenance 

The dikes of the LERF are constructed of onsite native soils, generally consisting of cobbles and gravels. 
Well-graded mixtures were specified, with cobbles up to 15 centimeters (6 inches) in the largest 
dimension, but not constituting more than 20 percent of the volume of the fill. The dikes are designed 
with a 3:1 (3 units horizontal to 1 unit vertical) slope on the basin side, and 2.25:1 on the exterior side. 
The dikes are approximately 8.2 meters (26.9 feet) high from the bottom of the basin, and 3 meters 
( l O feet) above grade. 

Calculations were performed to verify the structural integrity of the dikes (Calculations for Liquid 
Effluent Retention Facility Part B Permit Application, HNF-SD-LEF-TI-005, 1997). The calculations 
demonstrate that the structural strength of the dikes is such that, without dependence on any lining 
system, the sides of the basins can withstand the pressure exerted by the maximum allowable quantity of 
fluid in the impoundment. The dikes have a factor of safety greater than 2.5 against failure by sliding. 

C.5.4.2 Dike Stability and Protection 

In the following paragraphs, various aspects of stability for the LERF dikes and the concrete anchor wall 
are presented, including slope failure, hydrostatic pressure, and protection from the environment. 

Failure in Dike/Impoundment Cut Slopes. A slope stability analysis was performed to detennine the 
factor of safety against slope failure. The computer program 'PCSTABL5' from Purdue University, using 
the modified Janbu Method, was employed to evaluate slope stability under both static and seismic 
loading cases. One hundred surfaces per run were generated and analyzed. The assumptions used were 
as follows (Additional Information for Proiect W-105, Part B Permit Application, Chen-Northern 1991b): 

45 • Weight of gravel: 2,160 kilograms per cubic meter (135 pounds per cubic foot) 
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• Maximum dry density of gravel: 2,315 kilograms per cubic meter ( 144.5 pounds per cubic foot) 

2 Mohr-Coulomb shear strength angle for gravel: minimum 33 degrees 

3 • Weight of soil/bentonite: 1,600 kilograms per cubic meter (100 pounds per cubic foot) 

4 • Mohr-Coulomb shear strength angle for soil/bentonite: minimum 30 degrees 

5 • Slope: 3 horizontal: l vertical 

6 • No fluid in impoundment (worst case for stability) 

7 • Soils at in-place moisture (not saturated conditions) 

8 Results of the static stability analysis showed that the dike slopes were stable with a minimum factor of 
9 safety of 1.77 (Additional Information for Proiect W-105, Part B Permit Application, Chen-Northern 

10 1991b). 

11 The standard horizontal acceleration required in the Hanford Plant Standards, "Standard Architech1ral-
12 Civil Design Criteria, Design Loads for Facilities" (HPS-SDC-4.1, DOE-RL 1988), for structures on the 
13 Hanford Site is 0 .12 g-force. Adequate factors of safety for cut slopes in units of this type generally are 
14 considered 1.5 for static conditions and 1.1 for dynamic stability (Site Investigation Report. Non-Drag-
15 Off Landfill Site Low-Level Burial Area No. 5, 200 West Area. Golder 1989). Results of the stability 
16 analysis showed that the LERF basin slopes were stable under horizontal accelerations of 0.10 and 
17 0.15-_g-force, with minimum factors of safety of 1.32 and 1.17, respectively (Additional Information for 
18 Proiect W-105. Part B Permit Application, Chen-Northern 1991b). Printouts from the PCSTABL5 
19 program are provided in Calculations for Liquid Effluent Retention Facility Part B Permit Application 
20 (HNF-SD-LEF-TI-005, 1997). 

21 Hydrostatic Pressure. Failure of the dikes due to buildup of hydrostatic pressure, caused by failure of 
22 the leachate system or liners, is very unlike ly. The liner system is constructed with two essentially 
23 impermeable layers consisting of a synthetic layer overlying a soil layer with low-hydraulic conductivity. 
24 It would require a catastrophic failure of both liners to cause hydrostatic pressures that could endanger 
25 dike integrity. Routine inspections of the leachate detection system, indicating quantities of leachate 
26 removed from the basins, provide an early warning of leakage or operational problems that could lead to 
27 excessive hydrostatic pressure. A significant precipitation event (e.g., a 25-year, 24-hour storm) will not 
28 create a hydrostatic problem because the interior sidewalls of the basins are covered completely by the 
29 liners. The covers can accommodate this volume of precipitation without overtopping the dike 
30 (Section C.5.3), and the coarse nature of the dike and foundation materials on the exterior walls provides 
31 for rapid drainage of precipitation away from the basins. 

32 Protection from Root Systems. Risk to structural integrity of the dikes because of penetrating root 
33 systems is minimal. Excavation and construction removed all vegetation on and around the 
34 impoundments, and native plants (such as sagebrush) grow very slowly. The large grain size of the 
35 cobbles and gravel used as dike construction material do not provide an advantageous germination 
36 medium for native plants. Should plants with extending roots become apparent on the dike walls, the 
37 plants will be controlled with appropriate herbicide application. 

38 Protection from Burrowing Mammals. The cobble size materials that make up the dike construction 
39 material and the exposed nature of the dike sidewalls do not offer an advantageous habitat for burrowing 
40 mammals. Lack of vegetation on the LERF site discourages foraging. The risk to structural integrity of 
41 the dikes from burrowing mammals is therefore minimal. Periodic visual inspections of the dikes provide 
42 observations of any animals present. Should burrowing mammals be noted onsite, appropriate pest 
43 control methods such as trapping or application of rodenticides will be employed. 

44 Protective Cover. Approximately 7.6 centimeters (3 inches) of crushed gravel serve as the cover of the 
45 exterior dike walls. T hi s coarse material is inherently resistant to the effect of wind because of its large 
46 grain size. Total annual precipitation is low (16 centimeters [6.3 inches]) and a s ignificant storm event 
47 (e.g., a 25-year, 24-hour storm) could result in about 5.3 centimeters (2 . 1 inches) of precipitation in a 
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l 24-=hour period. The absorbent capacity of the soil exceeds this precipitation rate; therefore, the impact 
2 of wind and precipitation run-on to the exterior dike walls will be minimal. 

3 C.5.5 Piping Systems 

4 Aqueous waste from the 242-A Evaporator is transferred to the LERF using a pump located in the 
5 242-A Evaporator and approximate ly 1,500 meters (5,000 feet) of pipe, consisting of a 7.6-centimeter 
6 .(3-: inch) carrier pipe within a 15.2-centimeter (6-inch) outer containment pipeline. Flow through the 
7 pump is controlled through hy_a valve~ at flow rates from 150 to 300 liters (40 to 80 gallons) per minute. 
8 The pipeline exits the 242-A Evaporator below grade and remains below grade at a minimum 1.2-::meter 
9 (4-feet) depth for freeze protection, until the pipeline emerges at the LERF catch basin, at the comer of 

IO each basin. _All piping at the catch basin that is less than 1.2 meters ( 4 feet) below grade is wrapped with 
11 electric heat tracing tape and insulated for protection from freezing. 

12 The transfer line from the 242-A Evaporator is centrifugally cast, fiberglass-reinforced epoxy thermoset 
13 resin pressure pipe fabricated to meet the requirements of ASME D2997, Standard Specification for 
14 Centrifigally Cast Reinforced Thermosetting Resin Pipe (ASME 1984). The 7.6-centimeter (3-inch} 
15 carrier piping is centered and supported within 15 .2-centimeter (6-inch} containment piping. Pipe 
I 6 supports are fabricated of the same material as the pipe, and meet the strength requirements of ANSI 
17 B3 l.3 , Process Piping Guide (ANSI 1987) for dead weight, thermal, and seismic loads. A catch basin is 
18 provided at the northwest comer of each basin where piping extends from the basin to allow for basin-to-
19 basin and basin-to-200 Area ETF liquid transfers . Drawing H-2-88766, Sheets 1 through 4, provide 
20 schematic diagrams of the piping system at LERF. Drawing H-2-79604 provides details of the piping 
21 from the 242-=A Evaporator to LERF. 

22 C.5.5.1 Secondary Containment System for Piping 

23 The 15.2-centimeter (6-inch} containment piping encases the 7.6-centimeter (3-inch} carrier pipe from the 
24 242-=A Evaporator to the LERF. All of the piping and fittings that are not directly over a catch basin or a 
25 basin liner are of this pipe-within-a-pipe construction. A catch basin is provided at the northwest comer 
26 of each basin where the inlet pipes, leachate risers, and transfer pipe risers emerge from the basin. The 
27 catch basin consists of a 20-centimeter (8-inch)-thick concrete pad at the top of the dike. The perimeter 
28 of the catch basin has a 20-centimeter (8-inch)-higb curb, and the concrete is coated with a chemical 
29 resistant epoxy sealant. The concrete pad is sloped so that any leaks or spills from the piping or pipe 
30 connections will drain into the basin. The catch basin provides an access point for inspecting, servicing, 
31 and operating various systems such as transfer valving, leachate level instrumentation and leachate pump. 
32 Drawing H-2-79593 provides a schematic diagram of the catch basins . 

33 C.5.5.2 Leak Detection System 

34 During operation, the 242-A Evaporator receives dilute tank waste directly from the Tank Farms, treats 
35 waste by evaporation, and returns the concentrated waste to Tank Farms. The process condensate whtsh 
36 that is generated is transferred to LERF. Single-point electronic leak detection elements are installed 
37 along the transfer line at 305-meter (1,000-feet) intervals. The leak detection elements are located in the 
38 bottom of specially designed test risers. Each sensor element employs a conductivity sensor, which is 
39 connected to a cable leading back to the 242-A Evaporator e~ ontrol FRoom. If a leak develops in the 
40 carrier pipe, fluid will travel down the exterior surface of the carrier pipe or the interior of the 
41 containment pipe. As moisture contacts a sensor unit, an alarm sounds in the 200 Area ETF e~ ontrol 
42 FRoom, which is monitored continuously when the 242-A e.E_vaporator is transferring liquids to LERF. If 
43 the alarm sounds, 200 Area ETF Operations staff troubleshoots the alarm and, upon verification of a leak, 
44 requests that the pump located in the 242-: A Evaporator be shut down to stop the flow of process 
45 condensate through the transfer line. The 242-A Evaporator has limited surge capacity, and its operation 
46 is closely tied to supporting Tank Farm operations. The flow of process condensate to LERF is not 
4 7 stopped automatically by indication of a possible leak in the primary transfer line. A low-volume air 
48 purge of the annulus between the carrier pipe and the containment pipe is provided to prevent 
49 condensation buildup and minimize false alarms by the leak detection elements. 
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I The catch basins have conductivity leak detectors that alarm in the 200 Area ETF e~ ontrol f_Room. Leak 
2 detector alarms are monitored in the 200 Area e~ ontrol f_Room continuously during aqueous waste 
3 transfers and at least daily when no transfers are occurring. Leaks into the catch basins drain back to the 
4 basin through a 5.1 -::centimeter (2-inch) drain on the floor of the catch basin. 

5 C.5.5.3 Certification 

6 A lthough an integrity assessment is not required for piping associated with surface impoundments, an 
7 assessment of the transfer liner was performed, including a hydrostatic leak/pressure test at 
8 10.5 kilograms per square centimeter (150 pounds per square inch) gauge. A statement by an 
9 independent, qualified, registered professional engineer attesting to the integrity of the piping system is 

IO inc luded in integrity Assessment Report for the 242-A Evaporator/LERF Waste Transfer Piping, Project 
11 Wl05 (WHC-SD-WM-ER-112, 1993), a long with the results of the leak/pressure test. 

12 C.5.6 Double Liner and Leak Detection, Collection, and Removal System 

13 The double-liner system for LERF is discussed in Section C.5.2. The leachate detection, collection, and 
14 removal system (Figure§. C . .1§_+& and Figlire-C.l1+9) was designed and constructed to remove leachate 
15 that might permeate the primary liner. System components for each basin include: 

16 • 30.5-centimeter (12-inch) layer of drainage gravel below the primary liner at the bottom of the 
17 basin 

18 • Geonet below the primary liner on the sidewalls to direct leachate to the gravel layer 

19 3 .0 metef by 1.8--metef by 0.30-meter (10 by 6 by 1-feet)-deep leachate collection sump 
20 consisting ofa 25 millimeter (I-inch) high-density polyethylene flat stock, geotexti le to trap large 
2 1 particles in the leachate, and 60-mil (1.5-millimeter [0.06 inch]) high-density polyethylene rub 
22 sheet set on the secondary liner 

23 • 25 .4-centimeter (l 0-inch) and I 0.2-centimeter ( 4-inch) perforated leachate high-density 
24 polyethylene riser pipes from the leachate co ll ection sump to the catch basin northwest of the 
25 basin 

26 • Leachate collection sump level instrumentation installed in the 10.2-centimeter ( 4-inch) riser~ 

27 • Level sensors, submersib le leachate pump, and 3 .8-centimeter ( 1.5-inch) fiberg lass-reinforced 
28 epoxy thermoset resin pressure piping installed in the 25.4-centimeter (l 0-inch) riser~ 

29 • Piping at the catch basin to route the leachate through 3.8-centimeter (l .5-inch) high-density 
30 polyethylene pipe back to the basins 

31 The bottom of the basins has a two percent slope to allow gravity flow of leachate to the leachate 
32 collection sump. This exceeds the minimum of 1 percent slope required by WAC l 73-303-650(j) for new 
33 surface impoundments. Material specifications for the leachate collection system are given in 
34 Section C.5 .2.1.1. 

35 Calculations demonstrate that fluid from a small hole (2 millimeter [0.08 inch]) (Requirements for 
36 Hazardous Waste Landfill Design, Construction, and Closure, EPN625/4-89/022, 1989, p. 122) at the 
3 7 furthest end of the basin, under a low head situation, would travel to the sump in less than 24 hours 
38 (Calculations for Liquid Effluent Retention Facility Part B Permit Application, HNF-SD-LEF-TI-005 , 
39 1997). Additional calculations indicate the capacity of the pump to remove leachate is suffic ient to allow 
40 time to readily identify a leak and activate emergency procedures (HNF-SD-LEF-TI-005, 1997). 

41 The fluid level in each leachate sump is required to be maintained below 33 centimeters ([ 3 inches) to 
42 prevent significant liquid backup into the drainage layer. The leachate pump is activated when the liquid 
43 level in the sump reaches about 28 centimeters (1 1 inches), and is shut off when the sump liquid level 
44 reaches about 18 centimeters (7 inches). This operation may be done either manually or automatically. 
45 Liquid level control is accomplished with conductivity probes that trigger relays selected specifically for 
46 application to submersible pumps and leachate fluids . A flow meter/totalizer on the leachate return pipe 
47 measures fluid vo lumes pumped and pumping rate from the leachate collection sumps, and indicates 

Addendum C.39 



PCN-LERF-ETF-2015-02 WA 7890008967 
LERF and 200 Area ETF 

I volume and flow rate on local readouts . _In addition, a timer on the leachate pump tracks the cumulative 
2 pump operating time. - Other instrumentation provided is real-time continuous level monitoring with 
3 readout at the catch basin. Leachate levels are monitored at least weekly. _A sampling port is provided in 
4 the leachate piping system at the catch basin. The leak rate through the primary liner can be calculated 
5 using two methods : I) measured as the leachate flow meter/totalizer readings (flow meters/totalizers are 
6 located on the outflow line from the collection sumps in the bottom of the LERF basins), and 
7 2)-_calculated using the pump operating time readings multiplied by the pump flow rate (the pump runs at 
8 a constant flow rate). Calculations using either method are sufficient for compliance. For more 
9 information on inspections, refer to Addendum I. 

IO The stainless steel leachate pump delivers 19 liters (5 gallons} per minute( 19 liters per minute) . The 
11 leachate pump returns draw liquid from the sump via 3.8-centimeter (1 .5-inch} pipe and discharges into 
12 the basin through 3.8-centimeter (1.5-inch} high-density polyethylene pipe. 

13 C.5.7 Construction Quality Assurance 

14 The construction quality assurance plan and comp lete report of construction quality assurance inspection 
15 and testing results are provided in 242-A Evaporator Interim Retention Basin Construction Quality 
16 Assurance Plan (COAPL 2.OS.1149, Rev. 4, KEH 1991). A general description of construction quality 
17 assurance procedures is outlined in the following paragraphs. 

18 For excavation of the basins and construction of the dikes, regular inspections were conducted to ensure 
19 compliance with procedures and drawings, and compaction tests were performed on the dike soils. 

20 For the soil/bentonite layer, test fills were first conducted in accordance with EPA guidance to 
21 demonstrate compaction procedures and to confirm compaction and permeability requirements can be 
22 met. The ratio of bentonite to soi l and moisture content was monitored; lifts did not exceed 
23 15 centimeters (6 inches) before compaction, and specific compaction procedures were followed. 
24 Laboratory and field tests of soil properties were performed for each lift and for the completed test fill. 
25 The same suite of tests was conducted for each lift during the laying of the soil/bentonite admixture in the 
26 basins. 

27 Geotextiles and geomembranes were laid in accordance with detailed procedures and quality assurance 
28 programs provided by the manufacturers and installers. These included destructive and nondestructive 
29 tests on the geomembrane seams, and documentation of field test resu lts and repairs. 

30 C.5.8 Proposed Action Leakage Rate and Response Action Plan 

3 1 An action leakage rate limit is established where action must be taken due to excessive leakage from the 
32 primary liner. The action leak rate is based on the maximum design flow rate the leak detection system 
33 can remove without the fluid head on the bottom liner exceeding 30 centimeters (12 inches). The limiting 
34 factor in the leachate removal rate is the hydraulic conductivity of the drainage gravel. An action leakage 
35 rate (also called the rapid or large leak rate) of 20,000 liters per hectare per day (2, I 00 gallons~ 
36 ,lacreleay) per day was calculated for each basin (Calculation of the Rapid or Large Leak Rate fo r LERF 
37 Basins in the 200 East Area, WHC-SD-EN-Tl-009, 1992a ). 

38 When it is determined that the action leakage rate has been exceeded, the response action plan will follow 
39 the actions in WAC 173-303-650(1 l)(b) and (c) , which includes notification of Ecology in writing 
40 within 7 days, assessing possible causes of the leak, and determining whether waste receipt should be 
41 curtailed and/or the basin emptied. 

42 C.5.9 Dike Structural Integrity Engineering Certification 

43 The structural integrity of the dikes was certified attesting to the structural integrity of the dikes, signed 
44 by a qualified, registered professional engineer. 
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2 Although ignitable or reactive aqueous waste might be received in small quantities at LERF, such 
3 aqueous waste is mixed with dilute solutions in the basins, removing the ignitable or reactive 
4 characteristics . For compatibility requirements with the LERF liner, refer to Addendum B, Waste 
5 Analysis Plan. 

6 C.6 Air Emissions Control 

7 This section addresses the 200 Area ETF requirements of Air Emission Standards for Process Vents, 
8 under 40 CFR 264, Subpart AA (WAC 173-303-690 incorporated by reference) and Subpart CC. The 
9 requirements of 40 CFR 264, Subpart BB (WAC 173-303-691 ) is not applicable because aqueous waste 

10 with 10 percent or greater organic concentration would not be acceptable for processing at the ETF. 

11 C.6.1 Applicability of Subpart AA Standards 

12 The 200 Area ETF e~ vaporator Vapor Body Vessel and thin film dryer perform operations that 
13 specifically require evaluation for applicability of WAC 173-303-690. Aqueous waste in these units 
14 routinely contains greater than 10-_parts per million concentrations of organic compounds and are, 
15 therefore, subject to air emission requirements under WAC 173-303-690. Organic emissions from all 
16 affected process vents on the Hanford Facility must be less than 1.4 kilograms (3 pounds) per hour and 
17 2.8 mega grams (3 .1 tons) per year, or control devices must be installed to reduce organic emissions by 95 
18 percent. 

19 The vessel off gas system provides a process vent system. This system provides a slight vacuum on the 
20 200 Area ETF process vessels and tanks (refer tosee Section C.2 .5.2). Two vessel vent header pipes 
21 combine and enter the vessel off gas system fi lter unit consisting of a demister, electric heater, prefilter, 
22 high-efficiency particulate air filters , activated carbon absorber, and two exhaust fans (one fan in service 
23 while the other is backup). The vessel off gas system filter unit is located in the high-efficiency 
24 particulate air filter room west of the 2025-E ~f rocess aArea. The vessel off gas system exhaust 
25 discharges into the larger bui lding ventilation system, with the exhaust fans and stack located outside and 
26 immediately west of the ETF. The exhaust stack discharge point is 15.5 meters (51 feet) above ground 
27 level. 

28 The annual average flow rate for the 200 Area ETF stack (which is the combined vessel off gas and 
29 building exhaust flow rates) is 1600 cubic meters (56,000 cubic feet) per minute with a total annual flow 
30 of approximately 8.4 E+08 cubic meters (2.9E+ l O cubic feet) . During waste processing, the airflow 
31 through just the vessel off gas system is about 23 standard cubic meters (800 standard cubic feet) per 
32 minute. 

33 Organic emissions occur during waste processing, which occurs less than 310 days each year 
34 (i .e., 85 percent operating efficiency). This operating efficiency represents the maximum annual 
35 operating time for the ETF, as shutdowns are required during the year for p lanned maintenance outages 
36 and for reconfiguring the 200 Area ETF to accommodate different aqueous waste. 

37 C.6.2 Process Vents - Demonstrating Compliance 

38 This section outlines how the 200 Area ETF complies with the requirements and includes a discussion of 
39 the basis for meeting the organic emissions limits, calculations demonstrating compliance, and conditions 
40 for reevaluation. 

41 C.6.2.1 Basis for Meeting Limits/Reductions 

42 The 242-A Evaporator and the 200 Area ETF are currently the only operating TSO units that contribute to 
43 the Hanford Facility volatile organic emissions under 40 CFR 264, Subpart AA. The combined release 
44 rate is currently well below the threshold of 1.4 kilograms (3 pounds) per hour ander 2.8 mega grams 
45 2,800 kilograms (3.1 tons) per year of volatile organic compounds. As a result, the 200 Area ETF meets 
46 these standards without the use of air pollution control devices. 
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l The amount of organic emissions could change as waste streams are changed, or TSD units are brought 
2 online or are deactivated. The organic air emissions summation will be re-evaluated periodically as 
3 condition warrants. Operations of the TSD units operating under 40 CFR 264, Subpart AA, will be 
4 controlled to maintain Hanford Facility emissions below the threshold limits or pollution control device(s) 
5 will be added, as necessary, to achieve the reduction standards specified under 40 CFR 264, Subpart AA. 

6 C.6.2.2 Demonstrating Compliance 

7 Calculations to determine organic emissions are performed using the fo llowing assumptions: 

8 • Maximum flow rate from LERF to 200 Area ETF is 568 liters (150 gallons) per minute. 

9 • Emissions of organics from tanks and vessels upstream of the UV/OX process are determined 
l O from flow and transfer rates given in Clean Air Act Requirements, WAC 173-400, and As-built 
11 Documentation, Project C-018H, 242-A Evaporator/PUREX Plant Process Condensate 
12 Treatment Facility (Adtechs 1995). 

13 • UV /OX reaction rate constants and residence times are used to determine the amount of organics, 
14 which are destroyed in the UV /OX process. These constants are given in 200 Area Ejjluent 
15 Treatment Facility De/isling Petition (DOE/RL-92-72 199J ~) . 

16 • All organic compounds that are not destroyed in the UV/OX process are assumed to be emitted 
17 from the tanks and vessels into the vessel off gas system. 

18 • No credit for removal of organic compounds in the vessel off gas system carbon absorber unit is 
19 taken. The activated carbon absorbers are used if required to reduce organic emissions. 

20 The calculation to determine organic emissions consists of the fo llowing steps: 

21 1. Determine the quantity of organics emitted from the tanks or vessels upstream of the UV/OX 
22 process, using transfer rate values 

23 2. Determine the concentration oforganics in the waste after the UV/OX process using UV/OX 
24 reaction rates and residence times. If the 200 Area ETF is configured such that the UV/OX 
25 process is not used, a residence time of zero is used in the calculations (i.e. , none of the organics 
26 are destroyed) 

27 3. Assuming all the remaining organics are emitted, determine the rate which the organics are 
28 emitted using the feed flow rate and the concentrations of organics after the UV/OX process 

29 4. The amount of organics emitted from the vessel off gas system is the sum of the amount 
30 calculated in steps 1 and 3. 

31 The organic emission rates and quantity of organics emitted during processing are determined using these 
32 calculations and are included in the Hanford Facility Operating Record, LERF and 200 Area ETF file . 

33 C.6.2.3 Reevaluating Compliance with Subpart AA Standards 

34 Calculations to determine compliance with Subpart AA will be reviewed when any of the following 
35 conditions occur at the 200 Area ETF: 

36 • Changes in the maximum feed rate to the 200 Area ETF (i .e., greater than the 568 liters 
37 (150 gallons) per minute flow rate) 

38 • Changes in the configuration or operation of the 200 Area ETF that would modify the 
39 assumptions given in Section C.6.2.2 (e.g., taking credit for the carbon absorbers as a control 
40 device) 

41 • Annual operating time exceeds 310 days. 

42 C.6.3 Applicability of Subpart CC Standards 

43 The air emission standards of 40 CFR 264, Subpart CC apply to tank, surface impoundment, and 
44 container storage units that manage wastes with average volatile organic concentrations equal to or 
45 exceeding 500 parts per mi ll ion by weight, based on the hazardous waste composition at the point of 
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1 origination (61 FR 59972). However, TSD units that are used solely for management of mixed waste are 
2 exempt. Mixed waste is managed at the LERF and 200 Area ETF and dangerous waste could be treated 
3 and stored at these TSD units . 

4 TSD owner/operators are not required to determine the concentration of volatile organic compounds in a 
5 hazardous waste if the wastes are placed in waste management units that employ air emission controls 
6 that comply with the Subpart CC standards. Therefore, the approach to Subpart CC compliance at the 
7 LERF and 200 Area ETF is to demonstrate that the LERF and 200 Area ETF meet the Subpart CC control 
8 standards ( 40 CFR 264.1084 - 40 CFR 264. l 086). 

9 C.6.3.1 Demonstrating Compliance with Subpart CC for Tanks 

l O Since the 200 Area ETF tanks already have process vents regulated under 40 CFR 264, Subpart AA 
11 (WAC 1 73-303-690), they are exempt from Subpart CC [ 40 CFR 264.1080(b )(8)]. 

12 C.6.3.2 Demonstrating Compliance with Subpart CC for Containers 

13 Container Level l and Level 2 standards are met at the 200 Area ETF by managing all dangerous and/or 
14 mixed wastes in U.S. Department of Transportation containers [40 CFR 264.1086(£)]. Level 1 containers 
15 are those that store more than 0.1 cubic meters (3 .5 cubic feet) and less than or equal to 0.46 cubic meters 
16 (16 cubic feet) . Level 2 containers are used to store more than 0.46 cubic meters (16 cubic feet) of waste, 
17 which are in 'light material service' . Light material service is defined where a waste in the container has 
18 one or more organic constituents with a vapor pressure greater than 0.3 kilograms per square meter 
19 kilopascals(0.04 pounds per square inch) at 20:-c (68°F), and the total concentration of such 
20 constituents is greater than or equal to 20-__percent by weight. 

21 The monitoring requirements for Level 1 and Level 2 containers must include a visual inspection when 
22 the container is received at the 200 Area ETF,-aAd when #¼&-waste is initially placed in the containers 
23 Additionally, and at least once every 12 months when stored onsite for 1 year or more, these containers 
24 must be inspected. 

25 If compliant containers are not used at the 200 Area ETF, alternate container management practices are 
26 used that comply with the Level 1 standards. Specifically, the Level I standards allow for a "container 
27 equipped with a cover and closure devices that form a continuous barrier over the container openings such 
28 that when the cover and closure devices are secured in the closed position there are no visible holes, gaps, 
29 or other open spaces into the interior of the container. The cover may be a separate cover installed on the 
30 container. .. or may be an integral part of the container structural design ... " [40 CFR 264.1086(c)(l)(ii)] . 
31 An organic-vapor-suppressing barrier, such as foam, may also be used [ 40 CFR 264. l 086( c )(1 )(iii)]. 
32 Section C.3 provides detail on container management practices at the 200 Area ETF. 

33 Container Level 3 standards apply when a container is used for the "treatment of a hazardous waste by a 
34 waste stabilization process" [40 CFR 264.1086(2)]. Because treatment in containers using the 
35 stabi lization process is not provided at the 200 Area ETF, these standards do not apply. 

36 C.6.3.3 Demonstrating Compliance with Subpart CC for Surface Impoundments 

37 The Subpart CC emission standards are met at LERF using a floating membrane cover that is constructed 
38 of very-low-density polyethylene that forms a continuous barrier over the entire surface area 
39 [40 CFR 264.1085(c)]. This membrane has both organic permeability properties equivalent to a high-
40 density polyethylene cover and chemical/physical properties that maintain the material integrity for the 
41 intended service life of the material. The additional requirements for the floating cover at the LERF have 
42 been met (Section C.5.2.4). 

43 C.7 Engineering Drawings 

44 C.7.1 Liquid Effluent Retention Facility 

45 Drawings of the containment systems at the LERF are summarized in Table C. l. Because the failure of 
46 these containment systems at LERF could lead to the release of dangerous waste into the environment, 
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modifications that affect these containment systems will be submitted to the Washington State 
Department of Ecology, as a Class l , 2, or 3 Permit modification, as required by WAC 173-303-830. 

Table C.1. Liquid Effluent Retention Facility Containment System 

LERF System DrawinQ Number DrawinQ Title 

Bottom Liner H-2-79590, Sheet l Civil Plan, Sections and-& DetattS; Cell Basin Bottom Liner 

Top Liner H-2-79591 , Sheet l Civi l Plan, Sections afld& DetattS; Cell Basin BeHem Top Liner 

Catch Basin H-2-79593, Sheet l , 3-5 Civil Plan, Section§. and-& DetattS; Catch Basin 

The drawings identified in Table C.2 illustrate the piping and instrumentation configuration within LERF, 
and of the transfer piping systems between the LERF and the 242-A Evaporator. These drawings are 
provided for general information, and to demonstrate the adequacy of the design of the LERF as a surface 
impoundment. 

Table C.2. Liquid Effluent Retention Facility Piping and Instrumentation 

LERF System Drawing Number Drawing Title 
Transfer Piping to H-2-79604, Sheet I Piping Plot afld& Key Plans; 242-A Evap&Fatef 
242-A Evaporator CondeRSate Stream 
LERF Piping and Instrumentation H-2-88766,Sheet 1 P&ID; LERF Basin aoo& ETF Influent Evanorator 

H-2-88766,Sheet2 P&ID; LERF Basin aoo& ETF Influent 
H-2-88766,Sheet3 P&ID; LERF Basin aoo& ETF Influent 
H-2-88766, Sheet 4 P&ID; LERF Basin aoo& ETF Influent 

Legend H-2-89351, Sheet 1 Piping & Instrumentation Diagram - Legend 

C.7.2 200 Area Effluent Treatment Facility 

Drawings of the secondary containment systems for the 200 Area ETF containers, and tanks and process 
units, and for the Load-In Station +!anks are summarized in Table C.3. Because the failure of the 
secondary containment systems could lead to the release of dangerous waste into the environment, 
modifications, which affect the secondary containment systems, will be submitted to the Washington 
State Department of Ecology, as a Class 1, 2, or 3 Permit modification, as required by 
WAC 173-303-830. 

Table C.3. Effluent Treatment Faoility Building 2025-E and Load-In Station Secondary 
Containment Systems 

200 Area ETF Process Unit Drawing Number Drawing Title 
Surge Tanlc, Process/2025-E H-2-89063 , Sheet 1 Architect1:1rab's.S.tructural - Foundation and-& 
Container Storage Areas and Grade Beam Plan 
Trenches - Foundation and 
Containment 
Sump Tanlc Containment H-2-89065 , Sheet I Architecrurab's.S.tructural - Foundation, Sections 

afld& Details 
Verification Tanlc Foundation and H-2-89068, Sheet 1 Architecrnrab's.S.tructural - Verification Tanlc 
Containment Foundations 
Load-In Station facility Foundation H-2-817970, Sheet 1 Structural - ETF Truck Load-in Facility Plans 
and Containment and Sections 

Load-In Station faoility Foundation H-2-817970, Sheet 2 Structural - ETF Truck Load-in Facility Plans 
and Containment and Sections aRa Qetails 

The drawings identified in Table C.4 provide an illustration of the piping and instrumentation 
configuration for the major process units and tanks at the 200 Area ETF, and the Load-In Station +!anks. 
Drawings of the transfer piping systems between the LERF and_200 Area ETF, and between the Load-In 
Station and the 200 Area ETF also are presented in this table. These drawings are provided for general 
information, and to demonstrate the adequacy of the design of the tank systems. 
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2 Table C.4. Major Process Units and Tanks at Building 2025-E the EfflYent Treatment 
3 Facility and Load-In Station 

200 Area ETF Process Unit Drawing Number Drawing Title 

Load-In Faeility-Station H-2-817974, Sheet I P&ID - ETF Truck Load-In Facility 

Load-In Faeility-Station H-2-817974, Sheet 2 P&ID - ETF Truck Load-In Facility 

Surge Tank H-2-89337, Sheet I P&ID - Surge Tank System 

UV /Oxidation H-2-88976,Sheet I P&ID - UV Oxidizer Part I 

UV /Oxidation H-2-89342,Sheet I P&ID - UV Oxidizer Part 2 

Reverse Osmosis H-2-88980, Sheet I P&ID - 1st RO Stage 

Reverse Osmosis H-2-88982,Sheet I P&ID - 2nd RO Stage 

IX/Polishers H-2-88983, Sheet I P&ID - Polisher 

Verification Tanks H-2-88985 , Sheet I P&ID - Verification Tank System 

E!=¥-Evaporator Vagor Body Vessel H-2-89335, Sheet I P&ID - Evaporator 

Thin Film Dryer H-2-88989, Sheet 1 P&ID - Thin Film Dryer 

Transfer Piping from LERF to H-2-88768, Sheet I Piping Plan/Profile 4"- 60M-002-Ml 7 and 
,g:J:Fbuildine: 2025-E 3"-60M-001-Ml 7 
Transfer Piping from Load-In fae.t.1.ity H-2-817969, Sheet I Civil - ETF Truck Load-In Facility Site 
Station to buildine: 2025-E,g:J:F Plan 

4 
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Table C.5. 200 Area Effluent Treatment Facility Tank Systems Information 

Maximum Tank 
Material of Unit of Inner diameter 

Tank Description Capacity.a 
Construction! Measure liters/gallon 

Load--iin Station tanks Metric 34,350 
2025ED-59A-TK-
109,i 304 ss 
2025ED-59A-TK-l l 7 Standard 9,100 

84 
Load--iin Station tank 

Metric 26,000 
2025ED-59A-TK-l 

FRP 
Standard 6,900 

.S.urge tank Metric 462,000 
2025E-60A-TK-1 

304 ss 
Standard 122,000 

12H adjustment tank Metric 16,700 
2025E-60C-TK-l 

304 ss 
Standard 4,400 

f irst RO feed tank Metric 20,600 
2025E-60F-TK-l 

304 ss 
Standard 5,400 

.S.econd RO feed tank 
2025E-60F-TK-2 Metric 9,000 

304 ss 
Standard 2,400 

Effluent pH Metric 14,400 
adjustment tank 
2025E-60C-TK-2 304 ss 

Standard 3,800 

Yerification tanks-fJ1 3,025,739 
Metric 

2025E-60H-TK-1 A ~,GGG,GGG 
Carbon steel 

2025E-60H-TK-l 8 
with epoxy 

2025E-60H-TK-1C 
lining Standard 799,316 

.S.econdary waste 
Metric 73,800 

receiving tanks~ 
2025E-60I-TK-1A 304 ss 
2025E-60I-TK-1B Standard 19,500 

~ oncentrate tanks~ Metric 24,900 
2025E-60J-TK-1A 
2025E-60J-TK- l 8 316LSS 

Standard 6580 

Alloy 625 Metric 20,000 

1 Type 304 SS, 304L, 3 16 SS and alloy 625 provide corrosion protection. 
2 The maximum tank capacity is identified in CHPRC-01900, Revision 2 
3 The nominal thickness of 200 Area ETF tanks is represented. 
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Maximum Tank Material of Unit of 
Tank Description Capacity-' Construction! Measure liters/gallon 

-e+F--e.!; v a po ra tor 
(Vapor Body1 Vessel Standard 5300 
2025E-60I-EV- l 
_Qistillate flash tank 

Metric 950 
2025E-60I-TK-2 304 ss 

Standard 250 
.S.ump ti ank I Metric 6,900 
2025E-20B-TK-l 304 ss 

Standard 1,800 

.S.ump ti ank2 Metric 6,700 
2025E-20B-TK-2 304 ss 

Standard 1,770 

1 304 SS = stainless stee l type 304 or 304L. 
2 3 I 6L SS = stainless steel type 3 l 6L 
3 FRP = Fiberglass-reinforced plastic. 
4 + The maximHm eperaliAg YOlHme of the laAks is iseAli fies . 
5 a The AomiAal tl~ielEAess of eTf laAlEs is FepFese1HeEI. 
6 ~ Type 3Q4 SS, 3Q4 L, 3 16 ss ans alloy 625 pFOYise €0FFOSiOA pFOleetioA. 
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Inner diameter 
meters/feet 

~ 

Herizental 
ffifl:k-0. 7 6 

2.5 
l.5 X l.5 

5x5 

l.5 X J.5 

5x 5 

WA 7890008967 
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Height Shell Thicknessl 
meters/feet centimeters/ inch 

22 

Length 2.2 0.7 

7 9/32 
3.4 0.48 

11 3/ 16 

3.4 0.48 

II 3/16 

Ce<, ..... 
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Table C.6. 200 Area Effluent Treatment Facility Additional Tank System Information 

Tank Description 
Liner 

Materials 
Load-i_!p Station 
tanks 
2025ED-59A-TK-
109,l 

None 

2025ED-59A-TK-l 17 

~ 
Load-i_!p Station tank 

None 
2025ED-59A-TK-l 
Surge tank 
2025E-60A-TK- I 

None 

pH adjustment tank 
None 

2025E-60C-TK-1 
First RO feed tank 

None 
2025E-60F-TK-I 
Second RO feed tank 

None 
2025E-60F-TK-2 
Effluent pH 
adjustment tank None 
2025E-60C-TK-2 
Verification tanks 
2025E9t-60H-TK-
IA Epoxy 
2025E-60H-TK- l 8 
2025E-60H-TK-I C 
Secondary waste 
receiving tanks~ 

None 
2025E-60I-TK-1A 
2025E-60I-TK- IB 
Concentrate tanks~ 
2025E-60J-TK-1A None 
2025E-60J-TK-l 8 
-e+F--e I;; v apo rato r 
f'.'Yapor bflodY:) None 
Vessel 
(2025E-60T-EV- l) 
Distillate flash tank 
2025E-60I-TK-2 None 

Sump ti ank I 
2025E-20B-TK-1 

None 

Sump tiank2 
2025E-20B-TK-2 

None 

OFT = distillate flash tank 
VOG = vessel off gas system 

Pressure Controls 
Foundation Structural 

Seams Connections Materials Support 

SS skirt 
vent to 
atmosphere 

concrete slab bolted to welded flanged 
concrete 

vent to 
concrete slab 

bolted to 
flanged 

atmosphere concrete 
none 

vacuum breaker 
reinforced 

structural 
valve/vent to 

concrete ring 
steel on welded flanged 

VOG 
plus concrete 

concrete base 
slab 

vent to VOG concrete slab 
carbon steel 

welded flanged 
skirt 

vent to VOG concrete slab 
carbon steel 

welded flanged 
skirt 

vent to VOG concrete slab 
carbon steel 

welded flanged 
frame 

carbon steel 
vent to VOG concrete slab 

skirt 
welded flanged 

reinforced 
filtered vent to concrete ring 

structural 
steel on we lded flanged 

atmosphere plus concrete 
concrete base 

slab 

vent to VOG concrete slab 
carbon steel 

welded flanged 
skirt 

carbon steel 
vent to VOG concrete slab welded flanged 

skirt 

pressure 
indicator/pressure 

concrete slab 
carbon steel 

welded flanged 
relief valve vapor frame 
vent to DFTNOG 
Pressure relief carbon steel 
valve/vent to vent concrete slab I-beam and welded flanged 
gas coolerNOG cradle 

reinforced 

vent to VOG 
concrete concrete 

welded flanged 
containment containment 

basin 
reinforced 

vent to VOG 
concrete concrete 

welded flanged 
containment containment 

basin 
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System 
Load-t!n Station tanks 

Surge tank 
Rough fi lter 
UV/OX 

pH adjustment 
Peroxide decomposer 
Fine filter 
Degasi fication 

RO 

IX/Polishers 

Effluent pH adjustment 
Verifica tion tanks 

Secondary waste receiving 
tanks 
;!QQ AFea e+F eEvaporator 
Vaoor Bodv Vessel system 

Concentrate tanks 
Thin film drver 

Resin dewatering 

2 

WA 7890008967 
LERF and 200 Area ETF 

Table C.7. Ancillary Equipment and Material Data 

Ancillary EQuipment Number Material 
Load-t!n Station/transfer pumps 2025ED-P-1 03A/- l 038 3 16 ss 
(2) 

2025ED-P-001A/-00 18 Cast iron 
Load-t!n Station fi lters (6) 59A-FL-001 /-002/-003/ -004/- 304 ss 

005/-006 
Surge tank pumps (3) 2025E-60A-P- IA/- l B/- 1 C 304 ss 
Rough fi lter 2025£-60B-FL-1 304 ss 
UV oxidation in let coo ler 2025E-60B-E-1 3 16 ss 
UV ox idizers (4) 2025E-60D-UV-1 A/- IB/-2A/-2B 3 16 ss 
pH adjustment pumps (2) 2025E-60C-P-I A/-1 B 304 ss 
H2O2 decomposers (2) 2025E-60D-CO- l A/-1 B CS with epoxy coating 
Fine filter 2025£-608-FL-2 304 ss 
Degasification column inlet cooler 2025E-60E-E-1 316 ss 
Degasification column 2025E-60E-CO- l FRP 
Degasifi cation pumps (2) 2025E-60E-P-1 A/-1 B 3 16 ss 
Feed/booster pumps (6) 2025E-60F-P-1 A/- 1 B/-2A/-2B/- 304 ss 

3A/-3B 
Reverse osmosis arrays (2 1) 2025E-60F-RO-01 through -2 1 Membranes: polyamide 

Outer piping: 304 SS 
Polishers (3) 2025E-60G-IX-l A/- 1 B-1 C CS with epoxy coating 
Resins strainers (3) 2025E-60G-S- IA/-l B/- 1 C 304 ss 
Recirculation/transfer pumps (2) 2025E-60C-P-2A/-2B 304 SS/PVC 
Return pump 2025E-60H-P- l 304 ss 
Transfer pumps (2) 2025E-60H-P-2A/-2B 
Secondary waste feed pumps (2) 2025E-60I-P-1 A/-1 B 304 ss 

Feed/distillate heat exchanger 2025£-601-E-02 Tubes: 316 SS 
Shell: 304 SS 

Heater (reboil er) 2025£-601-E-0 1 Tubes : alloy 625 
Shell : 304 SS 

Recirculation pump 2025E-60I-P-02 3 16 ss 
Concentrate transfer pump 2025E-60I-P-04 3 16 ss 
Entra inment separator 2025£-601-DE-0 I Top section: 3 16 SS 

Bottom section: alloy 625 
Vapor compressor (inc l. silencers) 2025£-601-C-0l 304 ss 
Silencer drain pump 2025E-60I-P-06 3 16 ss 
Level control tank 2025E-60I-TK-5 304 ss 
Distillate fl ash tank pump 2025£ -601-P-03 3 16 ss 
Concentrate circulation pumps (2) 2025E-60J-P-1 A/-1 B 3 16 ss 
Concentrate feed pump 2025£-601-P-2 3 16 ss 
Thin film dryer 2025E-60J-D- l Interior surfaces: alloy 625 

Rotor and blades : 3 16 SS 
Powder hopper 2025E-60J-H-l 3 16 ss 
Spray condenser 2025E-60J-DE-0 I 3 16 ss 
Disti llate condenser 2025E-60J-CND-0 I Tubes: 304 SS 

Shell : CS 
Dryer disti llate pump 2025E-60J-P-3 3 16 ss 

Dewatering pump 2025E-80E-P- I 
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Table C.8. Concrete and MasonaryMasonry Coatings 

Location Product Name 
Applied Film Thickness, Estimated 

Mils Inches 

E+P--2025-E Process Area 1 Truck Ba~1 and Container Storage Areas 

Floor: Topcoat Chemgroof PermaCoat 2 coats at -l-0- 12:..l.§_ 0.012-0.016 inches 
40oogteeleote :f,: looF ~hi mils 
-MfHShl 

i:=1oor: Primer Steelsote MoAomie ~ i 2.0 mils 
~ 

Walls to 7 feet, Doors & Jambs Chemproof PermaCoat 4000 2 coats at 12-16 mils 0.012-0.016 inches 
VerticaW 

Load-i!n Station Tank Pit 

Floor and Walls Togcoat AmeroR AmeFeoat 80 mils 0.08 inches 
~ Elasti-Liner I/lI2•3 2 eoats at 8.0 12 mi ls 

Floor and Walls: Primer Techni-Plus E2 5-7 mils 0.005-0.007 inches 

Surge Tank and Verification Tank Berms 

Floors (and Walls at Surge K:GG bOFFOSiOR bORtFSI 80 mils 0.08 inches 
Tanlc): Topcoat Elasti-Liner 114 

Floors (and Walls at Surge K:GG bOFFOSiOR bORtFSI 5 .0-7 .0 mils 0.005-0.007 inches 
Tank): Primer Techni-Plus E314 

2 1 PermaCoat is a trademark of Chemproof Polymers. fnc. Floor Nu Finish aRd MoRomid Hi Build are tradeFRaFks of 
3 gteeleote MaRufaeturiRg, lReOrflorated 
4 2 Elasti-Liner and Techni-Plus are trademarks of KCC Corrosion Control. lnc.PermaGoat is a trndemark of 
5 Ghemf)roof Polymers, Ineoff)orated 
6 3 Amereoat is a trademark ofAmeroR lRternatioRal, lReoFf)orated 
7 4-Elasti-Liner !_a-Re-or a combination of Elasti-liner I and Elasti-liner IITeelrni Plus are a=ademarks of KGG 
8 GoFFosioR GoRtrol , IReOFflOrated 
9 
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Table C.9. Geomembrane Material Specifications 

Property Value 
Specific gravity 0.932 to 0.950 
Melt flow index +-=O-gram/ 10 minutesa, maximum 

(0.04 ounce/ 10 minute, maximum) 
Thickness (thickness of flow marks shall not exceed 60 mil J :!,10% 
200% percent of the nominal liner thickness) ( 1.5-mm millimeter ro.06 inches l-_J±- I 0%) 
Carbon black content 1.8 to 3%, bottom liner 

2 to 3% top liner 
Tensile properties (each direction) 
Tensi le strength at yield 21 .5 kgf/centimeter width, minimum 

120 oounds/inch width minimum 
Tensile strength at break 32.2 -kgf/centimeter width, minimum 

180 oounds/inch width minimum 
Elongation at yield I 0%, minimum 
Elongation at break 500%, minimum 
Tear resistance 13.6 kgf, minimum 

30 nounds minimum 
Puncture resistance 31.3 kgf, minimum 

69 nounds minimum 
Low temperature/brittleness -400-°C (-688°F), maximum 
Dimensional (% percent change each direction) J±2%, maximum 
Environmental stress crack 750 hour, minimum 
Water absorption 0.1 % maximum and weight change 
Hydrostatic resistance 316,000 kgf/meter2 

450 oounds/inch2 

Oxidation induction time (200 C/1 atm. 02) 90 minutes 

2 Reference: Construction Specifications for 242-A Evaporator and PUREX Interim Retention Basins (W-105, KEH 
3 199013). Format uses NSF 54 table for high-density polyethylene as a guide (NSF 1985). However, RCRA values 
4 for dimensional stability and environmental stress crack have been added. 

5 
6 
7 
8 
9 

% 

ffilA 
h 

13ereeRt 
e, 

miAute 
heU:F 

ffil¼l~ - ffi8JliffiUffi 
kgf kilograms force 
m ffieters 
A~ffi - lflilliffieteFs 
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Table C.10. Drainage Gravel Specifications 

Property Value 

Sieve size 

25 millimeters (l inches) 100 wtYo passing 
t------------------,t----

19 millimeters (0.75 inches) 80 - 100 wt~¾ passing 
t--------- -------<t----

9. 5 millimeters (0 .375 inches) 10 - 40 wt~¾ passing 
t----------------<t----

4.75 millimeters (0.187 inches) 0 - 4 wt~% passing 
1----------------,1----

WA 7890008967 
LERF and 200 Area ETF 

Permeability 
0. l centimetersem (0 .04 inches)/second, 
minimum 

2 Reference: Sieve size is from WSDOT M41-10-88, Section 9.03.1(3)C for Grading No. 5 
3 (WSDOT 1988). Permeability requirement is from WAC l 73-303-650(2)(j) for new surface 
4 impoundments. 

5 
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10001 

• - ETF 

WA 7890008967 
LERF and 200 Area ETF 

.________.I l._____lt!I_~_ 

3" Transfer 
Line 

242-A 
Evaporator 

rj]-

• 

ETF = Effluent Treatment Facility 
LERF = Liquid Effluent Retention Facility 

3" &4" 
Transfer 
Lines 

i..- --, /---, /--' 

LERF 

Figure C.1. Liquid Effluent Retention Facility Layout 
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2025-ED 
Load-In Station 

59A-TK-1 

r-----------------------7 
I I 59A-TK-109 59A-TK-117 

I I 
I Outside I 
L ~-------~ Container I 

Storage I 

I 
I 

2025-E 
Container 

Storaqe Area 

Hydrogen 
Peroxide Tonk 

2025-E 
PROCESS AREA 

Pipe 
Trenches 

Container 
Handling Room 

Hot Maintenance 
Shop 

1-------1 Pump 
1-------; Room 

HEPA/ 
Corban 
Filters 

Cooling 
Units 

HEPA = High-efficiency particulate air 

Transformers 

HVAC = Heating, ventilation, and air conditioning 

Primary 
Access 

Laboratory 
Area 

Maintenance 
Shops 

Offices, 
Locker Rooms, 

Shops, etc. 

Chemical 
'-----------'"Feed 

Tonks 

Figure C.2. Plan View of the 200 Area Effluent Treatment Facility 
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:--·-·-·-·-·-·-·-·-·-·-·-·-·-
Verification Tanks 

1--- -- - - -1 

000 :::, : Additional , Container Storage 
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Truck Bay 
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Support 

Area 

Proceea 
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~:t---+---l-- Container 

............. Storage Area 
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Hydrogen 
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Figure C.4. 200 Area Effluent Treatment Facility 
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LERF 

LERF 

LERF 

SWRT 

Surge 
Tank 

Rough 
Filter 

1st Stage 
Reverse 
Osmosis 

EVAP 

SecondaryTreatment Train 

CONCTank • Concentrate tank 
Degas. = D~aaiflcation column 
Eff. ~H Adj. • Eff uent pH adjustment tank 
EVA • EvaGorator 
IX = Ion xchange 
LERF = Liquid Effluent Retention Facility 
~HAdJ. .. ~H adjustment tank 

WRT = econdary waste receiving tank 
TFD = Thin film d~•r 
UV/OX .. Ultraviolet xidation 

UV/OX 

CONC 
Tank 

pH 
Adj. 

2nd Stage 
Reverse 
Osmosis 

TFD 

WA 7890008967 
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Primary Treatment Train 

Peroxide 
Decomp. 

IX 

00 0 Drums 

00 

Fine 
Filter Degas. i---

Verification 

Tanks 

M0704-3.8 
4-21-C)7 

Figure C.4. Example - 200 Area Effluent Treatment Facility Configuration 1 
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LEAF 

LEAF Rough Filter Fine Filter 

LEAF 

SWAT 

.. , r·· 

Surge 
Tank 

EVAP 

SecondaryTreatment Train 
Note1: IX can be In either locatlon 
CONC Tank • Concentrate tank 
0egaa. • Oegaalllcatlon column 
Elf. pH Adj. ., Effluent pH adjuatment tank 
Evap " Evaporator 
IX • Ion exchange 
pH Adj. • pH adjuatment tank 
SWAT = Secondary waate receiving tank 
TFD • Thin film dryer 
UV/OX "' Ultraviolet Oxidation 

UV/OX 

CONC 
Tank 

pH 
Adj. 

Degaa. 

TFD 

Peroxide 
Dec:omp. 

WA 7890008967 
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Primary Treatment Train 

1st Stage 
Reverse 
Oamoala 

2nd Stage 
Reverae 
Oamoaia 

Note 1 

IX 

Verification 

Tanke 

M0704-U 
4-21-07 

Figure C.5. Example - 200 Area Effluent Treatment Facility Configuration 2 
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Configuration #2 

2nd RO Permeate 
Evaporator Distillate 
Thin Film Dryer Distillate 

----

Configuration #1 

LERF 
Load In-Station 
Polisher 
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Evaporator Distillate 
Dryer Distillate 
Sump#2 
Resin Dewatering 

---Chemical Reagent 
Feed System 

Surge Tank 

Heater Eductor 

Recirculation Line 

TO: Rough 
............ ~ Filter (Conf #1) 

Surge Tank Pumps 

Figure C.6. Surge Tank 
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Rough Filter (Cont. #1) 
Or 
Surge Tank (Cont. #2) 

,._ ~ 
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~;1"--..------------­
, -

Inlet Cooler 

Ultraviolet 
Light/Oxidation 
Flowlines '--------. 

-~ 

pH Adjustment Tank 

Reaction Chamber 1A 
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- --- -- ---•t - -- -- --
' - -

..... ,_ 

Drain Lines ~ - - .....J 

Reaction Chamber 2A Reaction Chamber 28 

--- - - -- -- --- -- u 
i ·1 

-

L Drain to 
Sump Tank2 
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Figure C.7. Ultraviolet Light/Oxidation Unit 
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From 
Degasification 
Column 

1st RO Feed 
Tank Pumps 

1st RO Feed Tank 

2nd RO Feed Tank 

2nd RO Feed 
Tank Pumps 

To IX (Conf. #1) 
or 

Surge Tank (Conf. #2) 

Note: •2 banks in operation, 1 bank in reserve. 
SWRT = Seeondarty Waste Reeieiving Tanks 

= Retentate Line 
- = Permeate Line 

Bank A 

BankB 

BankB 

First• 

WA 7890008967 
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Second • 
Array ----

Bank A 

Bank B 

BankC 

Second • 
Array 

To 
SWRT 

To 1st RO 
Feed Tank 

Arrray:.,_ __ r----11!!!!!~~-. 
Bank A 

BankB 

Banke 

BankC 

H97040165.14 
R1 

Figure C.8. Reverse Osmosis Unit 
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From: 
2nd RO Stage 
Or 
Peroxide Decomposer 

To: Effluent pH 
Adjustment Tank 

NOTE: Example Configuration- Column A and B in Operation, 
Column C in Standby Mode 

WA 7890008967 
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H97040165.18 

Figure C.9. Ion Exchange Unit 
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From pH Adjustment Tank ------------4~ 

Heater 

Heater 

Recycle 
Lines 

~ 

Heater 

Eductor 

Return Pump 

Transfer Pumps 

...,.__...,.....,.• To SALOS 

_..,ToLERF 

Figure C.10. Verification Tanks 
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Vapor Body 

From Secondary Waste 
Receiving Tanks--~ 

To: 

Entrainment 
Separator 

Recirculation .,_ __ _ 
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Concentrate 
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Vapor 
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System 

... ......... ,.,•,·:;;.:; 

level 
Control 
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Figure C.11. 200 Area Effluent Treatment Facility Evaporator 
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Steam 
from Boiler 

Dryer 
Hopper 

208-Liter Containers 

Blower 
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Vent --=:::1iv•):::::J--_., Vessel Off-Gas ,----c .. ooler .c":: System 

Cooling Water 

Spray Condenser 

Distillate 
Cooler 

Cooling Water 

Figure C.12. Thin Film Dryer 
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Figure C.13. Container Handling System 
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Recirculation line 

Recirculation line 

----•To Surge Tank 

To Secondary Waste 
Receiving Tanks 

Pump 
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Example of Waste to Sump Tank 1: 
Secondary treatment train waste, 
Excess water from resin dewatering, 
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Figure C.14. 200 Area Effluent Treatment Facility Sump Tanks 
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F. PREPAREDNESS AND PREVENTION 

2 F.1 Preparedness and Prevention Requ irements 

WA 7890008967 
LERF and 200 Area ETF 

3 The fo llowing secti ons document the preparedness and prevention measures taken at LERF and 200 Area 
4 ETF. 

5 F.1 .1 EquipmentRequirements 

6 The follow ing sections describe the internal and external communications systems and the emergency 
7 equipment required that could be activated by the LERF and 200 Area ETF Building Emergency 
8 Director-_(BED). 

9 F .1.1 .1 Internal Communications 

10 When operators are present at the LERF, the operators carry two-way radios to maintain contact with 
11 200 Area ETF personnel. The operators at LERF are informed of emergencies (e.g., bui lding and/or area 
12 evacuations, take-cover events, high airborne contamination, fire, and/or explosion), and are provided 
13 with emergency instructions by several systems. These systems include the mobile two-way radios, and 
14 the telephone in the LERF instrument building. 

15 The 200 Area ETF is equipped with an interna l communicati on system to provide immediate emergency 
16 instruction to personnel. The onsite communication system at the 200 Area ETF includes telephones, 
17 mobile two-way radios, a public address system, and alarm systems. The telephone and radio systems 
18 provide for internal and external communication. A larm systems exist to allow personnel to respond 
19 appropriately to various emergencies, including building evacuations, take cover events, and fire and/o r 
20 explos ion. -Addendum J provides additional information on the response acti viti es. 

2 1 F .1.1.2 External Communications 

22 The LERF and its operators are equipped with devices fo r summoning emergency ass istance from the 
23 Hanford Fire Department, the Hazardous Materials Response Team, and/or Hanfo rd patro l, as necessary. 
24 External communication to summon emergency ass istance is made by a normal te lephone system or 
25 mobile two-way radios. The LERF telephone is available in the instrumentation bui lding. _The 200 Area 
26 ETF uses fire a larm pull boxes and telephones for external communication and are located at numerous 
27 locations throughout the 200 Area ETF. 

28 F.1.1.3 Emergency Equipment 

29 The LERF and 200 Area ETF rely primarily on the Hanford Fire Department to respond to fires and other 
30 emergencies as described in Permit Attachment 4, Hanford Emergency Management Plan, 
3 1 (DOE/RL-94-02). A ll LERF and 200 Area ETF operators are familiar with the LERF and 200 Area ETF 
32 contingency plans (Addendum J) and are tra ined in the use of emergency pumping of LERF and 200 Area 
33 ETF systems, fire, and communications equipment. 

34 Portable fire extinguishers, fire control equipment, spill contro l equipment, and decontamination 
35 equipment is available at various locations in the 200 Area ETF. 

36 The 200 Area ETF has fire extinguishers, automatic fire suppression systems (200 Area ETF eQontrol 
37 FRoom and electrica l room), fire alarm pull boxes, and a water spray system (200 Area ETF operating and 
38 administrative portions). 

39 Resp irators, hazardous materia l protective gear, and special work procedure clothing fo r 200 Area ETF 
40 personnel are kept in the change room at the 200 Area ETF. Safety showers are located in convenient 
4 1 locations in the 200 Area ETF, and emergency eyewashes are avai lable for use . Water for these devices 
42 is supp lied fro m the 200 Area ETF sanitary water system. 
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F .1 .1.4 Water for Fire Control 

WA 7890008967 
LERF and 200 Area ETF 

2 A water main is not provided to the LERF. The Hanford Fire Department is equipped with fire engines 
3 for fire control for fires requiring high water volume and pressure. The 200 Area ETF is serviced by two 
4 12-inch raw water lines that are tied into the 200 East Area raw water distribution grids. These lines 
5 provide a looped configuration that supplies two independent sources of raw water for fire protection and 
6 raw water uses. Connections from the 200 Area ETF raw water system supply fire hydrants and the wet 
7 pipe sprinkler system. In the event that water pressure is lost, the Hanford Fire Department is equipped 
8 with fire engines to provide needed water. 

9 F.1.2 Aisle Space Requirement 

10 The operation of the LERF does not involve aisle space. Nevertheless, the LERF and the individual 
11 basins are easily accessible to emergency response personnel and vehicles. A 6.1-meter (20-feet)-wide 
12 service road runs along the base of the basin area on the east, south, and west sides within the operational 
13 security fence. 

14 Aisle spacing at 200 Area ETF is sufficient to allow the movement of personnel and fire protection 
15 equipment in and around the containers. This storage arrangement also meets the requirements of the 
16 National Fire Protection Association (NFPA 1996) for the protection of personnel and the environment. 
17 A minimum 76-centimeter (30-inch} aisle space is maintained between rows of containers as required by 
18 WAC 173-303-630(5)(c). 

19 F.2 Preventive Procedures, Structures, and Equipment 

20 The fo llowing sections describe preventive procedures, structures, and equipment. 

21 F.2.1 Unloading Operations, Spill Prevention, and Control 

22 Underground pipelines that transfer aqueous waste to and from the LERF are encased in a secondary pipe. 
23 If a leak is detected in a pipeline, flow in the pipeline will be stopped and the cause of the leak 
24 investigated and remediated. 

25 If it is required to transfer aqueous waste from one LERF basin to another, existing transfer pumps are 
26 used as described in Addendum C. 

27 The 200 Area ETF 2025-ED Load-in Station is monitored continuously during tank-filling operations and 
28 filling is stopped immediately if leaks occur. Care is taken to ensure that even minor leaks are cleaned up 
29 immediately and disposed of in accordance with approved management procedures. Any spill that is 
30 determined to be a dangerous waste will be managed according to the requirements of WAC 173-303 . 

31 F.2.2 Runoff 

32 The LERF is constructed and operated to ensure that all aqueous waste is contained within the basins. 
33 The basins are designed and operated to prevent overtopping. Furthermore, the basins are provided with 
34 very \ow-density polyethylene floating covers to prevent the introduction of precipitation into the basins. 
35 The basins also are graded to ensure that all precipitation outside the basins is directed away from the 
36 surface impoundments. 

3 7 The basins are constructed so that the top of the basin dikes are approximately 3 meters (9 .8 feet) above 
38 grade. The exterior side slopes of the basins have a 2.25 (horizontal) to 1 (vertical) slope. Run-on of 
39 precipitation to the basins from the surrounding area is not possible because the surrounding area slopes 
40 away from the LERF. 

41 Dangerous waste and hazardous chemical handling areas at the 200 Area ETF are designed to contain 
42 spills, leaks, and wash water, thereby preventing run-off and subsequent releases. All dangerous and/or 
43 mixed waste loading and unloading areas are provided with secondary containment structures as 
44 described in Addendum C, Process Information. 
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F.2.3 Water Supplies 

WA 7890008967 
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2 The LERF uses operating practices, structures, and equipment to prevent the contamination of natural 
3 water supplies (i.e., groundwater and surface water). The LERF is monitored continuously in the 
4 200 Area ETF Control Room during liquid waste transfers and at least daily at other times when waste 
5 transfers are not occurring to detect abnormal conditions (e.g. , leaks), and regularly inspected to detect 
6 equipment and structural deteriorations that could allow possible water supply contamination. The basins 
7 are provided with a leachate collection system that is designed to contain any leachate generated. These 
8 systems, in conjunction with the double-composite liner system and underlying low permeable clay liner, 
9 ensure that should a release occur, the release will be fully contained within the basin configuration and, 

10 therefore, water supplies will be protected. Addendum J, Contingency Plan, provides information on 
11 procedures that are implemented if a release is detected at the LERF. 

12 There are no drinking water wells near the 200 Area ETF. Therefore, a release would not immediately 
13 contaminate drinking water supplies. The 200 Area ETF uses operating practices, structures, and 
14 equipment to prevent the contamination of natural water supplies (i.e. , groundwater and surface water). 
15 The 200 Area ETF is continuously monitored in the 200 Area ETF Control Room during liquid waste 
16 processing operatioAs and/or Load-In Station operations transfer to detect abnonnal conditions and at 
17 least daily at other times when waste process and/or waste transfer operations are not occun-ing, and is 
18 inspected regularly to detect equipment and structural deteriorations that could allow spills to the 
19 environment. Areas in contact with dangerous and/or mixed waste are monitored continuously in the 
20 200 Area ETF Control r_Room during Load-in Station and/or 200 Area ETF processing operations through 
21 a series of level and pressure indicators, leak detection alarms, equipment failure alarms, and control 
22 panel readouts. In addition, the 200 Area ETF is inspected regularly for the presence of leaks or other off 
23 normal conditions wherever possible (in all areas that can be safely entered). 

24 In addition to detailed operating practices, structures and equipment are used at the 200 Area ETF to 
25 prevent contamination of water supplies. The structures and equipment designed to prevent 
26 contamination of water supplies are the same as the structures and equipment used to prevent run-off from 
27 dangerous and/or mixed waste handling areas. 

28 F.2.4 Equipment and Power Failure 

29 The storage function of the LERF is not affected by loss of power and a temporary loss of power would 
30 not pose a threat to the environment. Loss of electrical power would not cause the storage of the waste to 
31 be jeopardized. For process condensate transferred from the 242-A Evaporator, appropriate valving 
32 procedures are followed to ensure a smooth restart of the flow to the LERF in the event of a power fai lure 
33 at the 242-A Evaporator. 

34 The 200 Area ETF does not have a standby power source. Power to selected lighting, computers, and 
35 process controls is configured with an unintermptible power supply. During partial loss of normal power, 
36 the effected affected pumps and subsystems will be shut down. Complete loss of power to the 200 Area 
37 ETF shuts down the entire 200 Area ETF except for the instruments~ iA the coetrol room connected to the 
38 unintermptible power supply. The uninterruptible power supply provides temporary power to some 
39 systems to assist in an orderly shutdown of the process in the event power cannot be restored quickly. 
40 Redundant pumps allow the process to continue to operate when only one component is out of service. 

41 When power at the 200 Area ETF is lost, the valves assume a fail-safe position to allow the process to 
42 remain in a safe shutdown mode until restoration of power. This action allows the operators to perform 
43 equipment surveys during shutdown and to confirm that there are no safety issues because the 200 Area 
44 ETF is shut down. Because a power failure would also shutoff flow into the 200 Area ETF, there will not 
45 be any increase in volume in any of the holdup basins, tanks, or other systems. 

46 A combination of reliability, redundancy, maintenance, and repair features are used in the 200 Area ETF 
47 equipment and systems to minimize random failure of equipment. For crucial systems such as ventilation 
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l filters , redundant trains are provided to mitigate equipment and system failure . Spare parts are 
2 maintained for essential production and safety equipment. 

3 F .2.5 Personnel Exposure 

4 At the LERF and 200 Area ETF, operating practices, structures, and equipment are used to prevent undue 
5 exposure of personnel to dangerous and/or mixed waste. All personnel handling waste use protective 
6 clothing and equipment. All operations are conducted so that exposure to dangerous and/or mixed waste 
7 and hazardous materials are maintained ALARA. 

8 Protective clothing and equipment are prescribed for personnel handling chemicals or dangerous waste. 
9 Before the start of any operation that could expose personnel to the risk of injury or illness, a review of 

10 the operation is performed to ensure that the nature of hazards that might be encountered is considered 
11 and appropriate protective gear is selected. Personnel are instructed to wear personal protective 
12 equipment in accordance with training, posting, and instructions. 

13 A change trailer at LERF is located between Basins 42 and 43 . In addition, the change trailer has an 
14 operations office for working with procedures. Exits within the change trailer are clearly marked. A 
15 storage building is located within the perimeter fence , northwest of the basins. The LERF storage 
16 building also is provided with separate storage areas for clean and contaminated equipment. A 
17 decontamination shower and decontamination building is located at the 272-A W Building, approximately 
18 1.6 kilometers (1 mile) from the LERF or at the 200 Area ETF. 

19 The 200 Area ETF has eyewash stations and safety showers in convenient locations for use by personnel. 
20 The following structures and equipment were incorporated into the 200 Area ETF design to minimize 
21 personnel exposure. 

22 • Offices, 200 Area ETF eQontrol f_Room, clean- and soi led-clothes storage areas, change rooms, 
23 and the lunchroom are situated to minimize casual exposure of personnel. 

24 • Building exit pathways are located to provide rapid egress in emergency evacuations. 

25 • Emergency lighting devices are located strategically throughout the 200 Area ETF. 

26 • Audio and/or visual alarms are provided for all room air samplers, area alarms, and liquid 
27 monitors. Visual readouts for these alarm systems are located in less contaminated areas to 
28 minimize exposure to personnel. 

29 • Areas for decontaminating and maintaining equipment are provided in contaminated areas to limit 
30 the spread of contamination to uncontaminated areas such as the 200 Area ETF eQontrol f_Room. 

31 • Instrument interlock systems automatically return process operations to a safe condition if an 
32 unsafe condition should occur. 

33 • The 200 Area ETF ventilation systems are designed to provide airflow from uncontaminated 
34 zones to progressively more contaminated zones. 

35 Whenever possible, exposures to hazards are controlled by accepted engineering and/or administrative 
36 controls. Protective gear is used where effective engineering or administrative controls are not feasible. 

37 F.3 Prevention of Reaction of Ignitable, Reactive, and Incompatible Waste 

38 Typically, aqueous waste managed at the LERF or 200 Area ETF does not disp lay the characteristics of 
39 reactivity or ignitability. Any aqueous waste streams exhibiting these characteristics are blended or 
40 mixed at LERF to a concentration where the waste no longer exhibits reactive or ignitable characteristics. 

41 Incompatible aqueous waste is not expected to be stored or treated at the LERF or 200 Area ETF 
42 (Addendum B, Waste Analysis Plan). Therefore, the requirements of WAC l 73-303-806(4)(a) are not 
43 applicable. 

44 
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H. CLOSURE PLAN 
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2 This addendum describes the planned activities and performance standards for closing LERF and 
3 200 Area ETF. 

4 H.1 Closure Plan 

5 The LERF and 200 Area ETF will be closed by removal or decontamination with respect to dangerous 
6 waste contamination that resulted from operation as TSD units, with closure of LERF occurring first. To 
7 facilitate closure, the LERF retention basins are being viewed as consisting of seven components: the 
8 covers and primary liner, drainage layer system/bentonite carpet liner, secondary liner, soil/bentonite, 
9 internal and/or external piping, ancillary equipment, and concrete basins. To facilitate closure of 

10 200 Area ETF, the 200 Area ETF is being viewed as consisting of six components: tanks, internal and/or 
11 external piping, ancillary equipment, concrete floors/dikes/ encasements, structures, and soil directly 
12 beneath the structure. It is anticipated that closure ofLERF and 200 Area ETF will begin after the 
13 projected 30-year active life of LERF and 200 Area ETF. If it is determined that closure by removal or 
14 decontamination is not possible, the closure plan will be modified to address required post closure 
15 activities. 

16 Uncontaminated structures will be left for future use or disassembled, dismantled, and removed for 
17 disposal. Uncontaminated equipment and structures could include aqueous makeup, HV AC and piping, 
18 steam condensate and cooling water piping, and the 200 Area ETF e.C.ontrol fB_oom and office areas. 

19 Closure by removal or decontamination requires decontamination or removal and disposal of all 
20 dangerous waste, waste residues, contaminated equipment, soil , or other material established in 
21 accordance with the removal or decontamination closure performance standards of WAC 173-303-610(2). 
22 This and future closure plan revisions will provide for compliance with these performance standards. 

23 H.2 Closure Performance Standard 

24 
25 
26 
27 

28 
29 

Closure by removal or decontamination, as provided for in this plan based on the requirements of 
WAC 173-303-610(2), will eliminate future maintenance and will be protective of human health and the 
environment by removing or reducing chemical contamination at LERF and 200 Area ETF to levels that 
are below concern with respect to human health and the environment. 

This plan proposes to leave clean structures and equipment in place after closure for potential use in 
future operations . This need will be evaluated at the time of closure. 

30 H.2.1 Closure Standards for Metal Surfaces, Rubber, Tanks, and Concrete 

31 This closure plan proposes use of a 'clean debris surface' (defined in the following paragraph) as the clean 
32 closure performance standard for the metal surfaces, rubber (i.e., basin covers, liners, etc.), tanks, and 
33 concrete that will remain after closure. This approach is consistent with Ecology guidance 
34 (Publication- #94-111 , Ecology 2005) for achievement of clean closure. Additionally, adherence to this 
35 guidance ensures that all residues have been removed as required by WAC 173-303-640 for closure of the 
36 200 Area ETF tank systems. 

37 The clean debris surface standard is verified visually. A clean debris surface means the surface, when 
38 viewed without magnification, shall be free of all visible contaminated soil and hazardous waste except 
39 residual staining from soil and waste consisting of light shadows, slight streaks, or minor discolorations 
40 and soil and waste in cracks, crevices, and pits may be present provided that such staining and waste and 
41 soil in cracks, crevices, and pits shall be limited to no more than 5% of each square inch of surface area 
42 ( 40 CFR 268.45). When a physical extraction method is used on concrete, the performance standard is 
43 based on removal of the contaminated layer of debris. The physical extraction performance standard for 
44 concrete is removal of 0.6 centimeter (0 .25 inches) of the surface layer and treatment to a clean debris 
45 surface. Inspections to verify achievement of a clean debris surface will be performed and documented. 
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1 H.2.2 Closure Standards for Piping and Ancillary Equipment 
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2 The internal and external piping of both LERF and 200 Area ETF that has contacted dangerous waste will 
3 be flushed and drained as part of closure. When practical, ancillary equipment, which has contacted 
4 dangerous waste will also be flushed and drained. For piping and ancillary equipment where the 
5 contaminated surfaces can be inspected, an inspection will be performed to see if the surfaces meets the 
6 clean debris surface standard in 40 CFR 268.45 , incorporated by reference by WAC 173-303-140, and 
7 can be declared non-dangerous in accordance with WAC l 73-303-071 (3)(qq). If it is not possible to 
8 inspect the contaminated surfaces or meet the clean debris surface performance standard, the particular 
9 piping or ancillary equipment of concern will be removed, designated, and disposed of accordingly. 

10 Dangerous and/or mixed-waste materials generated during closure activities will be managed in 
11 accordance with WAC 173-303-610(5). Removal of any dangerous wastes or dangerous constituents 
12 during partial or final closure will be handled in accordance with applicable requirements of 
13 WAC 173-303-610(5). 

14 H.2.3 Closure Standards for Underlying Soils 

15 The LERF retention basins have a leachate collection system that channels the leachate to sumps at the 
16 bottom of the basins. The collected liquid is pumped back into the basins, thereby limiting fluid head on 
17 the secondary liner. The secondary liner is comprised of several protective layers, including a high-
18 density polyethylene geomembrane and a soil/bentonite admixture. The soil below the LERF only could 
19 be contaminated if the layers of the secondary liner had failed. The primary liner and the drainage gravel, 
20 geotextile, and geonet between the primary and secondary liners cannot easily be decontaminated. The 
21 high-density polyethylene layer of the secondary liner also cannot be decontaminated. These materials 
22 will be removed and disposed according to the requirements of WAC 173-303-170. The soil/bentonite 
23 admixture will be sampled and analyzed for constituents of concerns according to the sampling and 
24 analysis plan developed prior to the time of closure. If the analytical results determine that the 
25 constituents of concern are at or below the levels in WAC 173-303-610(2)(b )(i) , or background levels for 
26 Hanford soil if background is greater, the soil/bentonite admixture and the soil below LERF will be 
27 considered clean closed. 

28 Clean closure of soil under the 200 Area ETF will be accomplished by demonstrating that the coated 
29 concrete floor kept contaminants from reaching the soil. The coated concrete floor provided secondary 
30 containment for all the tanks and process piping. Unless inspections identify potential through-thickness 
31 cracks indicating containment failure and a subsequent potential for soil contamination from TSD unit 
32 operations, the soil will be considered clean closed. However, if inspections identify such cracks and 
33 there have been documented spills in the vicinity, potential soil contamination will be investigated. Soils 
34 will be sampled and analyzed for constituents of concern according to the sampling and analysis plan. 
35 The sampling and analysis plan will be prepared following the completion of a data quality objectives 
36 process in accordance with EPA/600/R-96/055 (OAIG-4), Data Quality Objectives Process, as amended. 
37 The data quality objectives process will be initiated prior to closure on a schedule to ensure timely closure 
38 of LERF. The sampling and analysis plan will be submitted to Ecology as part of a permit modification 
39 request meeting the requirements of WAC 173-303-830. The sampling and analysis plan will be prepared 
40 consistent with EPA/240/B-0 1/003 (EPA,l OA-/R-5), EPA Requirements for Quality Assurance Project 
41 Plans, as amended. 

42 If the soil analytical results determine that the constituents of concern are at or below the levels in 
43 WAC 173-303-610(2)(b )(i), or background levels in the Hanford soil if background is greater, the soil 
44 will be considered clean closed. If the constituents of concern exceed background levels, the soil will be 
45 closed per the standards of WAC 173-303-610(2)(b). 

46 H.3 Closure Activities 

47 The LERF and 200 Area ETF were designed for a 30-year active life. At the time of closure, the closure 
48 plan will be modified as necessary to reflect current regulation or informational revisions in accordance 

H.2 



PCN-LERF-ETF-2015-02 WA 7890008967 
LERF and 200 Area ETF 

l with WAC 173-303-610(3)(b ). If it is detennined that clean closure is not poss ible, the closure plan will 
2 be modified to address required post closure activities. 

3 H.3.1 General Closure Activities 

4 The approach to LERF closure is to dispose of accumulated basin aqueous waste by processing the waste 
5 through 200 Area ETF. Primary basin liners, covers, drainage gravel, geonets, and secondary HDPE 
6 liners will be removed, designated, and disposed of as described in Section~ GH.3.4. l and H.3.4.2. Any 
7 remaining solids (residue) within the basins will also be removed, designated, and disposed of 
8 accordingly. Piping associated with LERF closure is intended to be decontaminated, drained, and 
9 inspected. Piping that meets the closure standard in Section GH.2.2 will be left in place. Piping that does 

10 not meet the closure standard, or cannot be inspected, will be disposed of accordingly. Rinsate generated 
11 during decontamination also will be disposed of through 200 Area ETF. Sampling will assess whether 
12 contamination beneath the secondary HDPE liner has occurred. Contamination above background levels, 
13 if present, will be removed or decontaminated to meet the regulatory requirements of 
14 WAC 173-303-610(2)(b ). 

15 The approach to 200 Area ETF closure is to process any aqueous waste through the effluent treatment 
16 system. Any waste, which cannot be treated at 200 Area ETF as the facility is being closed, will be 
17 transferred to other TSD units or off-site TSD facility . Piping will be rerouted and temporary piping 
18 installed to allow the isolation of tanks and ancillary equipment for draining, decontamination, and 
19 closure. Rerouted and temporary piping will be closed in the same manner as process piping. All 
20 structures and equipment will be decontaminated to the closure standards in Section GH_.2.2 or disposed. 
21 Piping associated with 200 Area ETF closure is intended to be decontaminated, drained, and inspected. 
22 Piping that meets the closure standard in Section Gfi. 2.2 will be left in place. Piping that does not meet 
23 the closure standard, or cannot be inspected, will be disposed of accordingly. Contamination, if present, 
24 will be managed in compliance with regulatory requirements . 

25 Equipment or material s used in performing closure activities will be decontaminated or disposed at a 
26 permitted facility . 

27 H.3.2 Constituents of Concern for Closure for the Liquid Effluent Retention Facility and 
28 200 Area Effluent Treatment Facility 

29 Using the list of dangerous waste numbers in the Addendum A, Part A Fonn, constituents in the final 
30 delisting in 40 CFR 26 1 Appendix IX, sample results from wastes added to LERF and 200 Area ETF, 
31 process knowledge and the risk to human health and the environment, the constituents of concern for 
32 closure will be determined through the data quality objective process. Based on constituents in 
33 wastewater received at LERF from 2000 to 2006 which are present at five percent of their delisting levels 
34 or higher, the constituents of concern are: 

• Acetone • Carbon tetrachloride • Methyl ethyl ketone • Vanadium 

• Ammonia • Fluoride • n-Butyl alcohol 

• Barium • Lead • Total cresols 

• Chromium • Mercury • Tributyl phosphate 

35 Arsenic and beryllium are excluded because they are present in Hanford soi ls and may therefore give a 
36 false positive sample result. Constituents of concern vary in each basin. For example, ammonia may be 
37 present only in LERF Basin 42 . The constituents of concern for each basin will be determined by process 
38 knowledge as part of the Data Quality Objectives process for the Sampling and Analysis Plan. 

39 H.3.3 Removing Dangerous Waste 

40 At the start of LERF closure, aqueous waste will be transferred sequentially from each basin to another 
41 LERF basin or to 200 Area ETF for treatment. At a pump rate of about 284 liters (75 gallons) per minute, 
42 it will take approximately 60 days to empty a full basin. Basin covers will remain in place to prevent 
43 possible wind dispersion of waste until all basin waste has been removed. 
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1 All of the aqueous waste inventory at the 200 Area ETF will be processed before closure. Any residue 
2 remaining in piping, equipment, or the LERF liner will be removed to an appropriate disposal unit. All 
3 containerized waste will be dispositioned. All secondary waste in containers will be transferred to an 
4 appropriate TSD unit. 

5 H.3.4 Decontaminating Structures, Equipment, and Soils 

6 This section discusses the activities necessary to implement a clean closure strategy for the LERF and 
7 200 Area ETF. 

8 H.3.4.1 Covers and Primary Liner 

9 The following steps will be performed to close each LERF basin cover and primary liner: 

10 • Wastewater will be removed from the basins and transferred to another LERF basin or to 
11 200 Area ETF. Additional pumps and piping may be installed to empty the basin as low as 
12 possible. 

13 • The basin cover will be cut into pieces and disposed in containers. 

14 • As much as practical of the remaining residue within the basins wi ll be removed and transferred 
15 to containers, another LERF basin, or 200 Area ETF. Rinsing may be performed to facilitate 
16 removal. 

17 • The pipe risers, transfer pump, HDPE primary liner and bentonite carpet liner will be cut into 
18 pieces and disposed in containers. 

19 H.3.4.2 Drainage Layer and Secondary Liner 

20 The following steps will be performed to close each LERF basin drainage layer and secondary liner: 

21 • The drainage gravel, geotextile, and geonet will be cut into pieces, and disposed in containers. 

22 • As much as practical of the remaining residue on the secondary liner will be removed and 
23 transferred to containers, another LERF basin or 200 Area ETF. Rinsing may be performed to 
24 facilitate removal of residue. 

25 • The HDPE liner portion of the secondary liner will be visually inspected for physical damage. 
26 This will provide potential sampling locations to determine if the soil/bentonite below the HDPE 
27 liner may be clean closed. 

28 • The leachate pump, pump riser, and HDPE liner portion of the secondary liner will be removed, 
29 cut into pieces, and disposed in containers. 

30 • The soil/bentonite portion of the secondary liner will be visually inspected for signs of 
31 contamination. This will provide potential sampling locations to determine if the soil/bentonite 
32 may be clean closed. 

33 Assessment of contamination beneath the LERF's secondary liner will be performed within each basin by 
34 sampling the top surface of the 9-121.-centimeter (36-inch) thick layer of soil/bentonite. Biased and 
35 random location selection will be used to increase the probability of detecting leachate contamination. 
36 Some sampling points will be chosen randomly, while others will be chosen where physical damage was 
37 noted during the inspection of the secondary HDPE liner and soil/bentonite layer, and in areas where the 
38 underlying material porosity and permeability and the hydraulic head would most likely drive any 
39 leachate. The leakage rate through the liner would increase toward the bottom of the liner as hydraulic 
40 head increases. Any leakage that did occur in the sloped sides could be expected to travel down slope 
41 through the geotextile between the primary and secondary liner until reaching the bottom of the liner. 
42 Therefore, the most likely area of contamination would be the soil/bentonite in the leachate sump and at 
43 the bottom of the basin. Sampling and disposal objectives will be determined at the time prior to closure 
44 activities through the data quality objectives process. The sampling and analysis plan will be prepared 
45 following the completion of a data quality objectives process in accordance with EP A/600/R-96/055 
46 (OA/G-4) Data Quality Objectives Process, as amended. The data quality objectives process will be 
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I initiated prior to closure on a schedule to ensure timely closure of LERF. The sampling and analysis plan 
2 will be submitted to Ecology as part of a pennit modification request meeting the requirements of 
3 WAC 173-303-830. The sampling and analysis plan will be prepared consistent with EPA/240/B-0 I /003 
4 (EPN OA-/R-5), EPA Requirements for Quality Assurance Project Plans, as amended. 

5 Sampling of the soil/bentonite will be performed in accordance with the sampling methods allowed for in 
6 WAC 173-303-110(2). Special care will be needed in sampling for volatiles. To aid in ensuring sample 
7 integrity, the initial sampling of the soil/bentonite may proceed while the secondary HDPE liner is in the 
8 process of being removed. 

9 If no constituents of concern are found above soil closure performance standards (Section GH.2.3), no 
10 further analysis will be done. If the initial sample analysis indicates liner leakage, additional samples 
11 from different depths and locations will be taken to determine the spatial extent of contamination. The 
12 soil/bentonite will be removed in the area around the contamination and placed in containers. If 
13 contamination is found to extend through the entire depth of the soil/bentonite layer, soil beneath the 
14 basin that is contaminated above closure performance standards will also be removed and placed in 
15 containers. 

16 H.3.4.3 Tanks 

17 The following general steps will be performed to close, each 200 Area ETF tank and ancillary equipment: 

18 • Wastewater and chemical additions to the tank will be isolated or rerouted to a downstream tank. 

19 • Piping and ancillary equipment associated with the tank will be flushed with water and drained to 
20 the tank being closed, to another tank, or to containers. 

21 • Wastewater will be removed from the tank and transferred to another tank. Additional pumps and 
22 piping may be installed to empty the tank as low as possible. 

23 • All remaining residue at the bottom of the tank will be removed and transferred to another tank or 
24 containers. Rinsing may be perfonned to facilitate removal of residue. 

25 • An initial visual inspection of the tank 's interior and exterior surfaces will be performed to 
26 determine the type of flushing that will allow the tank to be clean closed, or whether the tank 
27 cannot be clean closed. 

28 • The tank 's surfaces, piping and ancillary equipment will be cleaned by chemical or physical 
29 extraction techniques described in 40 CFR 268.45 . Flush solution will be transferred to another 
30 tank or containers. All flush solution at the bottom of the tank will be removed before visual 
3 I inspection. 

32 • The tank, piping, and ancillary equipment will be inspected visually for compliance with the 
33 performance standard in Sections H.2.1 and H.2.2 . 

34 Closure will begin with the Load-In Station tanks, surge tank, and other tanks of the main treatment train. 
35 The secondary treatment train will operate as long as possible to reduce the volume of flush water 
36 requiring disposal. Condensate from the secondary treatment train will be routed to the main treatment 
3 7 train or the verification tanks for storage or treatment. 

38 After rinsing, the tanks will be inspected visually for compliance with the performance standard. Visual 
39 inspection might be made remotely using a camera or other device that allows verification of meeting the 
40 performance standard. If any areas are found not meeting the clean debris surface performance standard, 
41 these areas will be decontaminated in-place, or the contaminated portions will be removed, designated, 
42 and disposed accordingly. Per 40 CFR 268.45 , Table 1 incorporated by reference at WAC 173-303-140, 
43 only removal of contaminants from the surface layer is necessary for metal surfaces. 

44 The outside of the tanks also will be inspected for compliance to the performance standard. Any areas 
45 found not to meet this performance standard will be decontaminated in-place, or the contaminated 
46 portions will be removed, designated, and disposed accordingly. Before using decontamination solutions 
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1 on the outside of the tanks, the floor will be inspected for cracks or other openings that could provide a 
2 pathway to soil. This inspection wil l be performed as described in Section GH.2.3 in conjunction with 
3 mapping of potential through-thickness cracks . Any such cracks will be mapped. The cracks will be 
4 sealed before beginning treatment or other engineered containment devices (e.g., portable catch basins, 
5 liners) will be used to collect and contain solutions. 

6 Decontamination residues will be collected, designated, and managed as appropriate. If it is not possible 
7 to meet the clean closure performance standard, contaminated portions of the tanks could be removed, 
8 designated, and disposed of accordingly. The inspections for a clean debris surface will be documented 
9 on an inspection record. 

1 O H.3.4.4 Internal and External Piping and Ancillary Equipment 

11 The internal piping and ancillary equipment for both LERF and 200 Area ETF, which have contacted 
12 dangerous waste will be flushed and drained as part of closure. Any treatment media, such as filters, 
13 reverse osmosis membranes, ion exchange resins, will be removed from the ancillary equipment, and 
14 disposed of accordingly. Where the contaminated surfaces can be inspected, an inspection will be 
15 performed to see if the piping and ancillary equipment meet the clean debris surface standard in 
16 40 CFR 268.45 and can be declared non-dangerous. If it is not possible to meet the clean debris surface 
17 standard or the piping or ancillary equipment cannot be inspected, those portions of the piping and 
18 ancillary equipment will be removed, designated, and disposed of accordingly. 

19 External piping (transfer lines) associated with LERF and 200 Area ETF consist of below grade and 
20 above grade piping. Below grade, piping will be dispositioned at closure consistent with the practices for 
21 below grade piping in the 200 Areas at the time of closure consistent with the 200-IS-l operable unit 
22 decisions. Above grade piping will be dispositioned consistent with the provisions for internal piping. 

23 Rinsate from the LERF and 200 Area ETF external piping and LERF internal piping will be processed 
24 through 200 Area ETF. Dangerous and/or mixed-waste solutions and materials generated during closure 
25 activities, which cannot be treated at 200 Area ETF will be managed in accordance with 
26 WAC 173-303-610(5). 

27 H.3.4.5 Concrete 

28 At LERF, the concrete catch basins are located at the northeast comer of each retention basin, where inlet 
29 pipes, leachate risers, and transfer pipe risers emerge for the basin. The concrete catch basin is curbed, 
30 and coated with a chemical resistant epoxy sealant. The concrete catch basin is sloped so that any leaks 
31 or spills from the piping or connections will drain into the basin. At the 200 Area ETF, the coated 
32 concrete floor and berm provides secondary containment for all the tanks and process piping. 

33 Closure of concrete at LERF and 200 Area ETF will be performed after the associated tanks, piping, 
34 ancillary equipment, and structures have been closed. All concrete wi ll be inspected visually and 
35 surveyed before any decontamination. The purpose of the inspection will be twofold: to identify and 
36 map any cracks in the concrete that might have allowed contaminants a pathway to the soil below 
37 (Section Gfi.2.37), and to identify areas that potentially are contaminated with dangerous waste or 
38 dangerous waste residues . The inspection standard will be a clean debris surface as defined in 
39 Section GH.2.1. The inspection of the concrete for a clean debris surface will be documented on an 
40 inspection record. Those areas already meeting the standard can be clean closed as is . 

41 Those potentially contaminated areas will undergo decontamination to meet the clean closure standard of 
42 a clean debris surface. The concrete will be washed down; the rinsate collected, designated, and disposed 
43 of accordingly. The concrete will be reinspected for a clean debris surface. Concrete surfaces indicated 
44 by visual examination, as still being potentially contaminated will have the surface layer removed to a 
45 depth of 0.6 centimeter (0 .25 inches) by scabbing or other approved methods. This will not threaten the 
46 environment, even if potential through-thickness cracks had been found during the inspection, because 
47 concrete decontamination (scabbing) will not employ liquid solutions that could enter cracks and because 
48 scabbing residues will be vacuumed away from cracks as, any residue is generated. 
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Achievement of a clean debris surface will be documented on an inspection record. Decontamination 
2 residues will be collected, designated, and managed as appropriate. 

3 H.3.4.6 Structures 

4 If contaminated with either dangerous or mixed waste constituents, the 200 Area ETF structures will be 
5 decontaminated and/or disassembled, if necessary, packaged, and disposed of in accordance with existing 
6 land disposal restrictions (WAC 173-303-140). 

7 Closure steps could include the following activities. 

8 • Containerize (as necessary and practicable) and remove any remaining waste. 

9 • Review operating records for spillage incidents and visually inspect storage area surfaces for 
10 evidence of contamination or for cracks that could harbor contamination or allow the escape of 
11 decontamination solutions. Inspect storage area surfaces for visible evidence of contamination 
12 (e.g., discoloration, material degradation, wetness, and odor). If contamination is evident, the 
13 affected area(s) will be decontaminated. 

14 • Decontaminate 200 Area ETF walls and floors to minimize the potential for loose contamination 
15 and facilitate any required surveys and/or chemical field screening. The structures could be 
16 cleaned by water rinse or high-pressure, low-volume steam cleaning coupled with a detergent 
17 wash. After decontamination, the walls and floors will be compared to closure performance 
18 standards. 

19 • Collect rinsate and manage as dangerous waste for appropriate disposal. 

20 • Secure (lock) personnel entries into building and post doors with appropriate warning signs. 

21 H.3.4.7 Underlying Soils 

22 Clean closure of soil under LERF's secondary liner will be accomplished by demonstrating that the liners 
23 and leak detection system kept contaminants from reaching the soil. The secondary liner provided 
24 secondary containment for the LERF basins. Unless inspections identify potential leaks, punctures, 
25 cracks, or tears indicating containment failure and a subsequent potential for soil contamination from 
26 TSD unit operations, the soil will be considered clean closed. However, if inspections identify such leaks, 
27 punctures, etc., potential soil contamination will be investigated. 

28 Clean closure of soil under 200 Area ETF will be accomplished by demonstrating that the coated concrete 
29 floor kept contaminants from reaching the soil. The coated concrete floor and bermed area provided 
30 secondary containment for all the tanks and process piping. Unless inspections identify potential 
31 through-thickness cracks indicating containment failure and a subsequent potential for soil contamination 
32 from TSD unit operations, the soil will be considered clean closed. However, if inspections identify such 
33 cracks and there have been documented spills in the vicinity, potential soil contamination will be 
34 investigated. 

35 Where it is possible visually to inspect directly beneath the tanks, a visual inspection will be performed. 
36 Where it is not possible visually to inspect beneath the tanks, an evaluation of the tank integrity will be 
37 made. The condition of the tank will be evaluated to determine if there was any potential for leakage. If 
38 no cracks, severe corrosion, or evidence of leaks is observed, it will be reasoned that mixed or dangerous 
39 waste solutions could not have penetrated to the soil directly below the tank. 

40 External piping (transfer lines) between the 242-A Evaporator and LERF and 200 Area ETF are double 
41 lined with a leak detection system. If records indicate that no leaks from the primary piping occurred, the 
42 soil will be considered clean with respect to RCRA closure. 

43 Where there is evidence that contamination may have leaked into the soil below tanks, concrete, or the 
44 soil/bentonite layer at LERF, the contaminated tank, concrete, or soil/bentonite layer will be removed to 
45 allow the underlying soil to be sampled to determine the depth of the contamination. Soil that is 
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1 contaminated above the closure performance standards in Section Gfi. 2.3 will be removed, placed in 
2 containers, and disposed accordingly. 

3 H.4 Maximum Waste Inventory 

4 The maximum waste inventory for LERF and 200 Area ETF is in Addendum A. 

5 H.5 Closure of Containers, Tanks, and Surface Impoundments 

6 The following sections cover closure of containers, closure of tanks, and closure of surface 
7 impoundments. 

8 H.5.1 Closure of Containers 

9 Containers at 200 Area ETF will be used to contain dangerous waste in the event of a spill , unexpected 
l O release, or equipment failure. Containers will be used to accumulate nonradioactive dangerous waste 
11 and/or mixed wastes. A ll containers will be emptied and treated prior to closure of 200 Area ETF. Any 
12 containers used to contain dangerous and/or mixed waste at the 200 Area ETF that is generated during the 
13 closure process and therefore cannot be treated at 200 Area ETF will be designated and shipped to an 
14 onsite TSD unit or off-site TSD facility. Containers of dangerous and/or mixed waste will not be left in 
15 the 200 Area ETF after closure. 

16 H.5.2 Closure of Tanks 

17 Clean closure of 200 Area ETF will consist of the removal and disposal of all dangerous waste and the 
18 decontamination and/or removal and disposal of equipment which does not meet the performance 
19 standards in Section G H.2, including tanks. The 200 Area ETF was designed to incorporate removable 
20 components. This design facilitates closure by allowing complete removal of equipment, which does not 
21 meet the performance standards. 

22 H.5.3 Closure of Surface Impoundments 

23 At closure, all ofLERF that received regulated waste will be closed in accordance with the requirements 
24 of this approved closure plan, which are intended to ensure compliance with the requirements of 
25 WAC l 73 -303-650(6)(a)(i). All equipment, structures, and other material associated with closure of 
26 LERF will be decontaminated or removed in accordance with WAC 173-303-610(2). All basin waste and 
27 decontamination rinsate will be transferred to 200 Area ETF. Sampling and testing will be conducted as 
28 described in Section G H.3.4.2. 

29 H.6 Schedule for Closure 

30 Closure ofLERF and 200 Area ETF is not anticipated to occur within the next 30 years. The actual year 
31 of closure will depend on the time required for current waste to be processed and what role the LERF and 
32 200 Area ETF will play in processing additional waste generated during future activities in the 200 Areas. 
33 Other factors affecting the year of closure include changes in operational requirements , lifetime extension 
34 upgrades , and unforeseen factors . When a definite closure date is established, notification of closure will 
35 be provided in accordance with Permit Condition 11.J.J -l-. 

36 The activities required to complete closure are planned to be accomplished within 180 days in accordance 
3 7 with WAC 173-303-610( 4)(b ). Should a modified schedule be necessary, a revised schedule will be 
38 proposed through the permit modification procedure in accordance with WAC 173-303-610( 4)(b ). 
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I. INSPECTION REQUIREMENTS 

2 1.1 Inspection Plan 

WA 7890008967 
LERF and 200 Area ETF 

3 This addendum describes the method and schedule for inspections of LERF and 200 Area ETF. The 
4 purpose of inspections is to help ensure that situations do not exist that might cause or lead to the release 
5 of dangerous and/or mixed waste that could pose a threat to human health and the environment. 
6 Abnormal conditions identified by an inspection will be corrected on a schedule that prevents hazards to 
7 workers, the public, and the environment. 

8 1.1.1 General Inspection Requirements 

9 The content and frequency of inspections are described in this section. Inspection records are retained in 
IO the Hanford Facility Operating Record, LERF and 200 Area ETF file, or other approved locations, in 
11 accordance with Pennit Condition II.I. I. 

12 In certain areas of the 200 Area ETF, many inspections are performed remotely to maintain ALARA 
13 exposure. Monitoring instruments are connected to audible alarms and visual indicators track alarm 
14 status. The monitoring system provides trending of selected monitoring data, graphics, and equipment 
15 summary displays. 

16 A preventive maintenance recall system is employed to direct preventive maintenance activities at the 
17 LERF and 200 Area ETF. Equipment requiring maintenance is checked as indicated by the maintenance 
18 history and the manufacturer's recommendations. The preventive maintenance of certain equipment 
19 might not be possible if the LERF or the 200 Area ETF is in an operational mode. Thus, the preventive 
20 maintenance could be performed slightly earlier or later than planned to minimize impact on operations. 

21 Instrumentation at 200 Area ETF is calibrated regularly to ensure accuracy and re liabi lity. All process 
22 control instrumentation is calibrated on a schedule depending on previous calibration experience. An 
23 instrument calibration and recall system is employed to manage calibrations. 

24 1.1 .1.1 Types of Problems 

25 Key components of the LERF inspection program include the following areas: 

26 
27 

28 
29 

Structural integrity of the basins 

Catch basin secondary containment system integrity 

Evidence of re lease from basins 

Safety, communications, and emergency equipment 

30 Key components of the 200 Area ETF inspection program include the fo llowing areas: 

31 

32 

33 

34 

35 

Condition of tanks and anci llary piping 

Condition of containers 

Condition of the process control equipment 

Condition of emergency equipment 

Condition of secondary containment 

36 Table I. l and Table I.2 provide a description of LERF and 200 Area ETF items to be inspected. 

37 1.1.1.2 Frequency of Inspections 

38 The frequency of inspections is based on the rate of possible deterioration of equipment and the 
39 probability of a threat to human health or the environment. 

40 The LERF and 200 Area ETF is inspected as indicated in Table I.1 and Table I.2 . 

41 1.1.2 Specific Process Inspection Requirements 

42 The following sections describe the specific process inspections performed at LERF and 200 Area ETF. 
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2 Containers are used at the 200 Area ETF to store solidified secondary waste, such as the powder waste 
3 from the thin film dryer and maintenance and operations waste. When containers are being held in 
4 container storage areas, the following inspection schedule is maintained: 

5 • Daily visual inspection of container storage area for leaks, spills, accumulated liquids, and open 
6 or improperly sealed containers 

7 • Weekly visual inspection of container labe ls to ensure labels are not obscured, removed, or 
8 otherwise unreadable 

9 • Weekly visual inspection for deterioration of containers, containment systems, or cracks in 
10 protective coating or foundations caused by corrosion, mishandling, or other factors . 

11 Following the inspections, an inspection datasheet is signed and dated by the inspector and supervisor. 

12 1.1 .2.2 Tank Inspections 

13 A description of the tank systems and ancillary equipment at the 200 Area ETF is given in Addendum C. 
14 Inspections and frequencies are given in Table I. l and Table I.2. This section includes a brief discussion 
15 of the inspections. 

16 1.1.2.2.1 Overfill Protection 

17 Tanks that have the possibility of being overfilled have level instrumentation that alarms before the tanks 
18 reach overflow. High tank level alarms annunciate in the 200 Area ETF eQontrol FRoom, allowing 
19 operating personnel to take immediate action to stop the vessels from overfilling. These alarms are 
20 monitored continuously in the 200 Area ETF eQontrol FRoom during solution transfers. When tank level 
21 instrumentation is inoperable, the alternate controls discussed in Addendum C, Section C.4.4.2 are 
22 followed to prevent tank overfilling. 

23 1.1.2.2.2 Visual Inspections 

24 Visual inspections of tanks and secondary containments are performed to check for leaks, signs of 
25 corrosion or damage, and malfunctioning equipment. Inspections are performed on tanks, secondary 
26 containment within the 200 Area ETF, surge tank, and verification tank, and associated secondary 
27 containment. 

28 1.1.2.2.3 Secondary Containment Leak Detectors 

29 The surge tank and verification tank secondary containment systems have sloped floors that drain 
30 solutions to sumps equipped with leak detectors that alarm in the 200 Area ETF eQontrol FRoom. These 
31 alarms are monitored continuously in the 200 Area ETF eQontrol FRoom during 200 Area ETF processing 
32 operations or during waste transfers, and at least daily when processing operations or waste transfers are 
33 not occurring.at other times. If an alarm is activated, further investigation is performed to determine if the 
34 source is a tank leak or other solution (i.e ., precipitation). 

35 1.1.2.2.4 Integrity Assessments 

36 The initial integrity assessment was issued in 1995 (Addendum C). Consistent with the recommendations 
37 of the integrity assessment, a periodic integrity assessment program was developed for the 200 Area ETF 
38 tanks and is discussed in detail in Addendum C, Section C.4.1.5G:4:±. 

39 1.1.2.2.5 Effluent Treatment Facility Piping 

40 The 200 Area ETF employs an extensive piping system. During inspections at the 200 Area ETF, any 
41 aboveground piping is inspected visually for signs of leakage and for general structural integrity. During 
42 the visual inspection, particular attention is paid to valves and fittings for signs of cracking, deformation, 
43 and leakage. 
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1.1.2.3 Surface Impoundments and Condition Assessment 

2 The following describes the surface impoundment inspections performed at LERF. 

3 1.1.2.3.1 Overtopping Control 
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4 Under current operating conditions, 0.61 +-:-;¼-meters (2 feet) of freeboard is maintained at each LERF 
5 basin, which corresponds to ana nonnal operating level of 6.86-:-+ meters (22 .2 feet) , or operating capacity 
6 of 29.5~ million liters (7.8 mi llion gallons). Level indicators at each basin are monitored to confirm 
7 that this level is not exceeded. 

8 Before an aqueous waste is transferred into a basin, administrative controls are implemented to ensure 
9 overtopping will not occur during the transfer. The volume of feed to be transferred is compared to the 

10 available volume in the receiving basin. The transfer is not initiated unless there is sufficient volume 
11 available in the receiving basin or a cut-off level is established. The transfer into the basin would be 
12 stopped when this cut-off level is reached. 

13 The LERF basins also are provided with floating very low-density polyethylene covers that are designed 
14 and constructed to prevent overtopping by the introduction of precipitation and dust into the basins. 
15 Overtopping and flow control also are discussed in Addendum C. 

16 1.1.2.3.2 lmpoundment Contents 

17 The LERF basins are inspected weekly to assess whether the contents are escaping from a basin. Level 
18 indicators are inspected weekly to check for unaccountable change in the level of the basins. 

19 1.1.2.3.3 Leak Detection 

20 The leachate detection, collection, and removal system is described in Addendum C. The leachate 
21 collection sump pump is activated when the liquid level in the leachate sump reaches a preset level. A 
22 flow meter/totalizer measures the amount of leachate removed. _In addition, the timer on the leachate 
23 pump tracks the cumulative pump run time. _The leak rate through the primary liner can be determined 
24 using one of two methods 

25 ll_B-measured as the leachate flow meter/totalizer readings or pump operating time readings (flow 
26 meters/totalizers are located on the outflow line from the collection sumps in the bottom of the 
27 LERF basins) or 

28 n_:2-t-calculated using the pump operating time readings multiplied by the pump flow rate (the pump 
29 runs at a constant flow rate). 

30 Calculations using either method are sufficient for compliance. If either the flow meter/ totalizer or pump 
31 operating time system is not functioning, this is identified as an abnormal condition (see Section 1.1 ). 

32 The LERF employs a double walled transfer piping between 242-A Evaporator and LERF and between 
33 LERF and 200 Area ETF. The WAC 173-303-650 regulations do not require a discussion of piping for 
34 surface impoundments. However, for the purposes of comprehensive coverage of the LERF, inspections 
35 and integrity assessments are performed on the piping system. Aqueous waste (e.g., process condensate) 
36 is transferred from the 242-A Evaporator to the LERF via a buried pipeline. Likewise, aqueous waste is 
37 transferred to the 200 Area ETF via buried pipelines. At the LERF dikes, aboveground piping serves to 
38 transfer waste from one basin to another. 

39 The buried pipelines normally are continuously monitored during transfers by a leak detection system 
40 (Addendum C). LeakThe alarms on the leak detection system alarms annunciatesi-gna-l to the 200 Area 
41 ETF e~ ontrol r_Room, which is monitored continuously during waste transfers and daily when no waste is 
42 transferring. 7 As an alternative to continuous leak detection, the transfer lines can be inspected daily 
43 during transfers by opening the secondary containment drain lines at the LERF catch basins (for 
44 242-A Evaporator transfers to LERF) and the surge tank (for LERF transfers to 200 Area ETF) to inspect 
45 for leakage. During the routine inspections at LERF, the aboveground piping system is inspected for 
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I signs of leakage and for general structural integrity. During the visual inspection, particular attention is 
2 paid to valves and fittings for signs of cracking, deformation, and leakage. 

3 1.1 .2.3.4 Dike Erosion 

4 The LERF basins and dikes are visually inspected weekly and after significant precipitation events for 
5 run-on, run-off, cover integrity, erosion problems, or other signs of deterioration in the dikes from 
6 precipitation, wind, burrowing mammals, or vegetation. 

7 1.1.2.3.5 Structural Integrity 

8 A written certification attesting to the structural integrity of the basin dikes, signed by a qualified, 
9 registered professional engineer, is provided in Addendum C. 

IO 1.1 .2.3.6 Container Inspection 

11 Normal operation of the LERF does not involve the storage of dangerous waste in containers . Therefore, 
12 the inspection requirements of this section normally are not applicable to the LERF. Any containerized 
13 dangerous waste generated at LERF will be brought to the 200 Area ETF and managed in accordance 
14 with WAC 173-303-630 and is discussed in Addendum Cin Section 1.1 .3. 

15 1.1.3 Inspection Log 

16 Observations made and deficiencies noted during an inspection are recorded on inspection log sheets (also 
17 called turnover sheets). On completion, the log sheet includes the inspector's printed name, signature, 
18 date, and time; the log sheet is submitted for review and approval by LERF and_200 Area ETF 
19 management or their designee, as required by operating procedures. Once approved, the log sheet is kept 
20 in the Hanford Facility Operating Record, LERF and 200 Area ETF files. Inspection records are retained 
21 in the Hanford Facility Operating Record, LERF and 200 Area ETF files, or other approved locations, in 
22 accordance with Permit Condition II.I. 1. The inspection records are used to help determine any necessary 
23 corrective actions. Problems identified during the inspections are prioritized and addressed in a timely 
24 fashion to mitigate health risks to workers, maintain integrity of the TSD units, and prevent hazards to 
25 public health and the environment. 

26 If while performing an inspection, a leak or spill is discovered, facility operations responds per the 
27 emergency response procedures action is taken to stop the leak and determine the cause. The waste is 
28 removed from the secondary containment in a timely manner that prevents harm to human health and the 
29 environment. 

30 1.1 .4 Storage of Ignitable or Reactive Wastes 

31 The LERF could receive an aqueous waste that is designated reactive or ignitable. Any aqueous waste 
32 exhibiting these characteristics is managed (e.g., through blending in LERF) such that the waste no longer 
33 exhibits the reactive or ignitable characteristics. 

34 Though unlikely, the 200 Area ETF secondary wastes might have the characteristics of being reactive or 
35 ignitable. A qualified inspector performs annual fire inspections of the 200 Area ETF using a checklist 
36 developed specifically for facilities that handle dangerous and/or mixed waste. 

37 
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Table I. I. Visual IAspeetioA 8ehedule for the LER.c aAd 200 Area ETF 

TABLE IJ . VISUAL INSPECTION SCHEDULE FOR THE LERF AND 200 AREA ETF 

ITEM 

Load-In Station tank 
system 

Surge tank system 

Rough filter 
Ultraviolet oxidation 
system 
pH adjustment tank 
H2O2 decomposer 
Fine filter 
Degasification system 

Reverse osmosis system 

Polishers 
Effluent pH adjustment 
tank 
Verification tanks 

Secondary waste 
receiving tank 
200 Area ETF evaporator 

Concentrate tank 
Thin f]:ilm e,Qryer Room 

Container handling 
Container handling 

Vessel ventilation system 

Sump tank system 

Eye wash stations 
Safety showers 

Fire extinguishers 
Emergency lighti ng 

INSPECTION 
2025-ED Load-In StationFaGiffty 

Inspect area fo r leaks. Note any unusual noises or vibration from the system 
pumps. Inspect secondary containment system for signs of deterioration. 

Main Treatment Train 
Inspect area for leaks. Note any unusual noises or vibration from the system 
pumps. Inspect secondary containment system fo r signs of deterioration. 
Inspect for leaks. 
Inspect module fo r leaks 
Inspect peroxide storage tank, ancillary equipment fo r leaks. 
Inspect tank and ancillary equipment for leaks 
Inspect tank and ancillary equipment fo r leaks 
Inspect module for leaks 
Inspect module fo r leaks. Note any unusual noises or vibration from the 
degasi fication blower. 
Inspect tanks and ancillary equipment for leaks. Note any unusual noises or 
vibration from the system pumps. 
Inspect tanks and ancillary equipment for leaks. 
Inspect tank and ancillary equipment fo r leaks. 

Inspect tanks and ancillary equipment fo r leaks. Note any unusual noises or 
vibration from the system pumps. Inspect secondary containment system fo r 
signs of deterioration. 

Secondary Treatment Train 
Inspect tank and ancillary equipment fo r leaks 

Inspect tank and equipment for leaks. Note any unusual noises or vibration 
from the system pumps or compressor. 
Inspect tank and ancillary equipment fo r leaks. 
Inspect llli!.ingta!tks and anci llary equipment fo r .mifu,_leaks. and accumulated 
liqu ids (viewed through camera). Note any unusual noises or vibration from 
the system pumps or blower. 

Inspect area for spills, leaks, accumulated liquids. 
Inspect fo r deterioration of containers and secondary containment, including 
corrosion and cracks in secondary containment foundation and coating. 
Inspect container labels to ensure that they are readable. 

Support Systems 
Inspect fi lters (HEPA and pre-filters), check vessel off gas pressures, system 
flow, and discharge temperatures. 
Inspect sump trenches fo r unexpected liquids, which indicate spills or leaks 
from process equipment. 

Safety Systems 
Check status; check for adequate pressure 
Check status; check fo r adequate pressure 

Emergency Systems 
Check for adequate charge. 
Test operabi lity. 

FREQUENCY 

Daily 

Daily 

Daily 
Daily 

Daily 
Daily 
Daily 
Daily 

Dai ly 

Daily 
Daily 

Daily 

Daily 

Daily 

Daily 
Dailyl 

Daily 
Weekly 

Daily 

Daily 

Monthly 
Monthly 

Monthly 
Monthly 

1 If the camera system is inoperable. daily visual inspections will be performed or the Thin Film Dryer wi ll be emptied and 
isolated as described in Addendum C, Section C.4.4.2. to prevent waste additions that could result in undetected leaks or spills in 
the Thin Film Dryer Room. 

1.5 



PCN-LERF-ETF-2015-02 
WA 7890008967 

LERF and 200 Area ETF 

TABLE IJ . VISUAL INSPECTION SCHEDULE FOR THE LERF AND 200 AREA ETF 

ITEM 

Uninterruptible power 
supply 

LERF basins and dikes 
LERF contents 

Leak Detections 
LERF basins and dikes 

INSPECTION 
Processing Area 

Check output voltage and visually inspect battery pack for corrosion and 
leakage. Check indicator lights for fault conditions. 

LERF (Surface lmpoundment) 
Check thete overtopping controls and integrity of the basins and dikes 
Check basin level indicators for unaccountable changes in the level of the 
basins 
Determine the leak rate per wetted surface area 
Check for run-on, run-off, cover integrity, erosion problems, and other signs 
of deterioration 

Ignitable and Reactive 
Ignitable and reactive Storage in compliance with Hanford Site fire protection standards and WAC 
waste 173-303-630(8) 

Container Storage Areas Other Than Secondary Treatment Train 
Container Storage Container labels to ensure labels are not obscured, removed, or otherwise 

unreadable 
Deterioration of containers, containment systems, or cracks in protective 
coating or foundations caused by corrosion, mishandling, or other factors 
Leaks, spills, ftfl&-accumulated liquids. and open or improperly sealed 
containers 

HEPA - High efficiency particulate air 

-H When waste management activities occur 

1.1.5 Instrumentation Monitoring 

FREQUENCY 

Annually 

Weekly 
Weekly 

Weekly 
Weekly& 
After 
significant 
precipitation 
events 

Annually~ 

Weekly 

Weekly 

Daily 

2 Continuous monitoring applies to the electronic monitoring performed in the 200 Area ETF Control 
3 Room for this instrumentation during 200 Area ETF processing operations and/or 2025-E Load-In Station 
4 transfers. Data from alarms, leak detectors, and level transmitters are monitored daily in the 200 Area 
5 ETF Control Room when waste transfers are not occurring (see C.2.5 .1). In cases where this 
6 instrumentation is out of service (e.g., calibration, power failures, or maintenance) daily visual inspections 
7 will be performed in accordance with WAC 173-303-640, using the alternate methods discussed in 
8 Addendum C, Section C. l for leak detection, Section C.4.3 .1.2 for level inspection, and Section C.4.4.2 
9 for overfill prevention will be followed. 

10 In the event the electronic leak detectors or level indicators for Sump Tank 1 or Sump Tank 2 are out of 
11 service, daily visual inspections will be performed each operating day (W AC-173-303-640). 

12 Inspections pertaining to instrumentation monitoring is provided in Table I.2 . 

13 
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Table 1.2. Inspection Plan for Instrumentation Monitoring 

ITEM 

Level alarm 
LAHH-59A-109/-l 17 
Level alarm 
LSH-59A-003 
Leak detector 

Leak detector 
LAH-20B009 
Level alarm 
LAH-60A013 
Level alarm 
LAHL-60C- l l l 
Level alarm 
LAHL-60F-101 
Level alarm 
LAHL-60F-201 
Level alarms 
LAHL-60~ F-211 
Level transmitter 
LAHX-60H00IA/B/C 
Leak detector 
LAH-20B010 

Level alarm 
LAHL-601-00lA/B 
Level alarm 
LAHL-601-00 I A/B 
Level alarm 
LAHL-601-107 
Level alarm 
LAHL-601-036 
Level alarm 
LAHL-601- 108 
Level alarm 
LAH-60!- 11 9 
Level transmitter 
LAH-20B001 
Level transmitter 
LAH-20B002 

Leak detector 
LAH-20B003 
Leak detector 
LAH-20B005 
Leak detector 

Leak detector 

Leak detector 

INSPECTION 
2025-ED Load-In StationFaGility 

Monitor liquid level in l!,oad-i!n ti anks TK- 109 and TK-117 to prevent 
overflow 
Monitor liquid level in !!,oad-i!n tianks TK-1 to prevent overflow 

Monitor for leakage in the !Load-iln Station tank pit sump 
Main Treatment Train 

Monitor fo r leakage in the surge tank drainage sump 

Monitor surge tank level to prevent overflow 

Monitor liquid levels in the pH adjustment tank to prevent overflow 

Monitor liquid levels in the first RO feed tank to prevent overflow 

Monitor liquid levels in the second RO feed tank to prevent overflow 

Monitor liquid levels in the effluent pH adjustment tank to prevent overflow 

Monitor liquid level in verification tanks to prevent overflow 

Monitor for leakage in the verification tank drainage sump 

Secondary Treatment Train 
Monitor liquid levels in secondary waste receiver tanks A and B to prevent 
overflow. 
Monitor liquid levels in concentrate tanks A and B to prevent overflow. 

Monitor liquid levels in the evaporator tank to prevent overflow. 

Monitor liquid levels in the spray condenser tank to prevent overflow. 

Monitor liquid levels in the distillate flash tank to prevent overflow. 

Moni tor liquid levels in the entrainment separator tank to prevent overflow. 

Monitor liquid level in Sump Tanks1:1mp tank No. l to prevent overflow. 

Monitor liquid level in Sump Tanksump t,rnk No. 2 to prevent overflow. 

Monitor for leakage to .S,surnp No. I . 

Monitor for leakage to .S,sump No. 2. 

Monitor for leakage from pipeline between 200 Area ETF and 2025-ED Load­
In Stationload in station. 
Monitor for leakage from pipeline between 200 Area ETF and LERF. 

Monitor for leakage from pipeline between LERF and the 242-A Evaporator. 

FREQUENCY 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously 

Continuously.!!. 
.!!. 

Continuously.!!. 
.!!. 

Continuously.!!. 
.!!. 

Continuously.!!. 
.!!. 

Continuously.!!. 
.!!. 

* Freq1:1ene;· of"continuously" applies d1:1ring ETF processing operations afldlor Load in Station transfers. Data fron~ alarms, 
leak detectors, and le¥el transmitters is monitored iA the eontrol room at least daily at other times, even tho1:1gh many of these 
instruments record contint101:1sl)' (see C.2.5.1) . EmeFgenC)' comm1:1nications eqttipment and warning S)'Stems (e.g. fire alam1s, 
take coyer alam1s, and e·,·ac1:1ation alamis) are inclttded in addend1:1m J, Contingency Plan. These alam1s are monitored 
contin1:101:1sly and the response to these alam1s do not rely on persoflflel being present the ETF control room. 

** In the e~·ent of a malt'l:lnction of one of the electroAcic leak detectors, daily Yis1:1al inspeetions will be performed while the 
facilities are in operation. 

I.7 



1 
2 
3 
4 
5 

PCN-LERF-ETF-2015-02 

This page intentionally left blank. 

1.8 

WA 7890008967 
LERF and 200 Area ETF 



2 
3 
4 

PCN-LERF-ETF-20 15-02 

ADDENDUM J 
CONTINGENCY PLAN 

J.i 

WA 7890008967 
LERF and 200 Area ETF 



I 

L 

1 
2 
3 
4 
5 

PCN-LERF/ETF-2015-02 

This page intentionally left blank. 

M l.ii 

WA 7890008967 
LERF and 200 Area ETF 



PCN-LERF/ETF-2015-02 WA 7890008967 
LERF and 200 Area ETF 

I ADDENDUM J 
2 CONTINGENCY PLAN 

3 CONTENTS 

4 

5 

6 

7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 

2 1 

22 

23 
24 

J. 

J. 1 

J.2 

J.3 
J.3 .1 
J.3 .2 
J.3 .3 
J.3.4 
J.3.5 
J.3 .6 

J.4 
J.4.1 
J.4.2 
J.4.3 
J.4.4 
J.4 .5 
J.4.6 

J.5 

J. 6 

J.7 

CONTINGENCY PLAN ....... ........ ...... .... .. .. ...... .... .. .... ... .... ...... .... .......... .............. ........ ... .......... ... J. l 

Building Evacuation Routing .... ... .... ....... .... ..... .... ...... .. ... ... ........ ... ... .... .. ...... ......... ..... .... .... ... ...... ... J.3 

Building Emergency Director ... ........... ...... ....... .... ..... .. .. ....... .... ... .. .... ..... ... ....... ...... .. ..... .. ... .. ..... .. . .1 .3 

Implementation of the Plan ... ... ....... ..... .. .... .. ..... .. .... .. ....... .. ................. ........ ....... ..... ... ............... .. .. .J .3 
Protective Actions Responses .. ......... .... .... ....... ....... .... .................. ... .. ... ........... ... ...... ....... .. .... ... .... .1 .4 
Response to Facility Operations Emergencies .... .... ..... .. ...... ... .. .... ..... .. .. .. ..... ...... .... ... .... ... ....... ... ... 1.7 
Prevention of Recurrence or Spread of Fires , Explosions, or Releases ... ..... .. ..... ........ ........... ...... . J.9 
Incident Recovery and Restart of Operations ..... ........ .......... ...... ... .... .. .. .. ... .. ... ........ ...... .. ..... ... ...... 1.9 
Incompatible Waste .... .... ......... .......... ...... ..... ..... ..... ...... .... ............ ........ ....... .. ..... ... .... ...... .. .... ...... .. J.9 
Post Emergency Equipment Maintenance and Decontamination .... .. .... .......... ..... ... ... ............ .... . 1.10 

Emergency Equipment. .. ... ..... ... ...... ... .... .... ..... .... .. .. .... ........ ..... .. ..... ... ...... ..... ....... ....... ........ .. ..... .. J .10 
Fixed Emergency Equipment.. ... .. .. ......... ..... ........... ... .... ...... ............. .. .. .... ............. ... .. .... ... ... ..... .. J . l 0 
Portable Emergency Equipment ... ...... ....................... ......... .. .... ... .. ... ... ..... ..... .... ..... ... ... ........ ...... .J. l 0 
Communications Equipment/Warning Systems ....... ... .. .. ... .. ..... ..... .... .......... ....... .............. ... ..... .. J . 11 
Personal Protective Equipment .... .... ........... ....... .. ...... ........ ... .... .... ..... ... .... ..... ..... ..... ..... .... ..... ...... J.11 
Spill Control and Containment Supplies ............ ... ... .. ..... ... ... ....... .. .... ... ..... .... ..... ... .. .... .. ... .......... . J.11 
Incident Command Post .... .... ... ....... ..... .. ..... ..... ............ .. ....... ........ .... .. .... ..... ...... .... .. .. .. ... ... ... .... ... 1.1 l 

Required Reports ..... ...... ....... .... ...... .... ....... ... ... .... .. ............... .................. ........ ........ ... ... ........... .. .. J.12 

Plan Location and Amendments .. .... ........ ... ... .. ........... .... ... .. ..... .. .......... .. ............. .......... .......... .... J. 12 

Faci li ty/Building Emergency Response Organization ...... .. ....... ........ .................. ... .... ... ... .. .. ...... . J.1 2 

25 FIGURES 

26 Figure J. l. Evacuation Routes from Building 2025-E .... .. .. .. .. ....... ... ..... ....... ... .. ....... ........ ..... ....... ...... .... .. J .5 
27 Figure J.2. LERF and 200 Area ETF Site Plan .. .. ...... ........ ..... ... ..... .. .. ... ... ........ ... ..... ...... ......... ... .. ..... ..... .. J.6 
28 

29 TABLE 

30 Table J.1 . Hanfo rd Facility Documents Containing Contingency Plan Requirements of 
31 WAC 173-303-350(3) ..... .... .. .... ... ....... ............ .... ..... ..... .. ... ...... ..... ...... .. ..... .... ... .... ..... ....... ... .. J. l 
32 
33 

M l. iii 



2 
3 
4 
5 

PCN-LERF/ETF-2015-02 

This page intentionally left blank. 

g J.iv 

WA 7890008967 
LERF and 200 Area ETF 



PCN-LERF/ETF-20 15-02 

J. CONTINGENCY PLAN 

WA 7890008967 
LERF and 200 Area ETF 

2 The requirements for a contingency plan at LERF,l and 200 Area ETF are sati sfied in the following 
3 documents: portions of Hanford Facility Permit (Permit) Attachment 4, Hanford Emergency Management 
4 Plan (DOE/RL-94-02) and this Addendum. 

5 The unit specific building emergency plan also serves to satisfy a broad range of other requirements 
6 [ e.g. , Occupational Safety and Health Administration standards (29 CFR 1910), Toxic Substance Control 
7 Act of 1976 (40 CFR 761 ) and U.S. Department of Energy Orders]. Therefore, revisions made to portions 
8 of this unit specific building emergency plan that are not governed by the requirements of WAC 173-303 
9 will not be considered as a modification subject to WAC l 73-303-830 or Permit Condition I.C.3. 

IO Table J. l identifies the sections of the unit specific bui lding emergency plan written to meet 
11 WAC l 73-303-350(3) contingency plan requirements. In addition, Section 12.0 of the unit specific 
12 building emergency plan is written to meet WAC 173-303 requirements identifying where copies of 
13 Permit Attachment 4, Hanford Emergency Management Plan (DOE/RL-94-02) and the building 
14 emergency plan are located and maintained on the Hanford Faci lity. Therefore, revisions to Addendum J 
15 require a modification subject to WAC 173-303-830 and/or Permit Condition I.C.3 . 

Table J.1. Hanford Facility Documents Contain ing Contingency Plan Requirements of 
WAC 173-303-350(3) 

Permit 
Attachement 4, 

Hanford Part Ill , OU-3, 
Emergency Building Emergency LERF & 

Management Plan Plan1 200 Area ETF, 
Requirement (DOE/RL- --94-02) (HNF--IP- -0263--ETF) Addendum J 

-350(3)(a) - A description of the actions, which x2 x2 x2 
facility personnel must take to comply with this Section 1.3.4 Sections 7 .1, 7 .2 Sections J.3.1, 
section and WAC 173-303-360. through 7.2.5 , and J.3.2 , through 

7.3 3 
J .3.2.5 , and J.3.3 3 

Sections 4.0 Sections J.3 , J.3.4, 
( I st paragraph), 8.2, J.3 .5, J.3.6, and J.5 

8.3, 8.4, 11.0 

-350(3)(b) - A description of the actions which x2 x2,4 x2,4 
shall be taken in the event that a dangerous Section 1.3.4 Section 7.2.5.1 Section J.3.2 .5.1 
waste shipment, which is damaged or otherwise 
presents a hazard to the public health and the 
environment, arrives at the facility , and is not 
acceptable to the owner or operator, but cannot 
be transported pursuant to the requirements of 
WAC 173-303-370(5), Manifest system, 
reasons for not accepting dangerous waste 
sh ipments. 

-350(3)(c) - A description of the arrangements X 
agreed to by local police departments, fire Sections 3.2 .3, 
departments, hospitals, contractors, and state 3.3.1, 3.3.2, 3.4, 
and local emergency response teams to 3.4.1. 1, 3.4.1.2, 
coordinate emergency services as required in 3.4.1.3 , 3.7, and 
WAC 173-303-340(4) . Table 3-1 
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Table J. 1. Hanford Faci lity Documents Containing Contingency Plan Requ irements of 
WAC 173-303-350(3) 

Permit 
Attachement 4, 

Hanford Part Ill , OU-3, 
Emergency Building Emergency LERF & 

Management Plan Plan 1 200 Area ETF, 
Requirement (DOE/RL---94-02) (HNF- -IP--0263- -ETF) Addendum J 

-350(3)(d) - A current list of names, addresses, xs xs 
and phone numbers ( office and home) of all Section 3. 1, 13.0 Sections J. 2 and 
persons qualified to act as the emergency J .7 
coordinator requ ired under 
WAC 173-303-360( I ). Where more than one 
person is listed, one must be named as primary 
emergency coordinator, and others must be 
li sted in the order in which they will assume 
responsibil ity as alternates. For new facilities 
only, this list may be provided to the 
department at the time of fac ility cert ification 
(as required by WAC 173-303-810(14)(a)(I)), 
rather than as part of the permit appl ication. 

-350(3)(e)-A list of all emergency equ ipment X X 
at the fac ili ty (such as fi re extinguishing Section 9 .0 Section J.4 
systems, spill control equipment, 
communications and alarm systems, and 
decontamination equipment), where this 
equipment is required. This list must be kept 
up to date. In addition, the plan must include 
the location and a physical description of each 
item on the list, and a brief outline of its 
capabil ities. 

-350(3)(f) - An evacuation plan for fac ili ty x6 x1 x1 
personnel where there is a poss ibili ty that Figure 7-3 and Section 1.5 Section J. l 
evacuation could be necessary. This plan must Tab le5- l 
describe the signal(s) to be used to begin 
evacuation, evacuation routes, and alternate 
evacuation routes . 

l An "X" indicates requirement appl ies. 
2 1 Portions of Permi t Attachment 4, Hanford Emergency Management Plan (DOE/RL-94-02) not enforceable through Appendix A of that 
3 document are not made enforceable by reference in the building emergency plan. 
4 2Pennit Attachment 4, Hanford Emergency Management Plan (DOE/RL-94-02) contains descri ptions of actions relating to the Hanford Site 
5 Emergency Preparedness System. o additional description of actions are required if at the si te level. If other credible scenarios exist or if 
6 emergency procedures at the unit are different, the description of actions contained in the building emergency plan will be used during an event 
7 by a bui lding emergency di rector. 

8 3Sections J. I, J.2 through J.2.5, and J.3 of the building emergency plan are those sections subject to the Class 2 "Changes in emergency 
9 procedures (i.e., spill or release response procedures)" described in WAC 173-303-830, Appendix I, Section B.6.a. 

l O 4This requi rement only appl ies to TSD units, wh ich rece ive shipment of dangerous or mixed waste defined as off-site shipments in accordance 
11 with WAC 173-303 . 
12 ' Emergency Coordinator names and home telephone numbers are maintained separate from any contingency plan document, on fi le in 
13 accordance with Pennit Condi tion 11.A.4 and are updated, at a min imum, monthly. 
14 6The Hanford Facili ty (site wide) signals are provided in this document. No un it/building signal information is required unless un ique devices 
15 are used at the unit/building. 
16 7 An evacuation route for the TSD un it must be provided. Evacuation routes for occupied buildings surrounding the TSD un it are provided 
I 7 through information boards posted within buildings. 
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J.1 Building Evacuation Routing 
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2 Figures J. l and J.2 provide identification of the primary and secondary staging areas and a general layout 
3 of the building 2025-E and -e+F+LERF~ and 200 Area ETF. Alternate evacuation routes will be used on a 
4 case-by-case basis based on meteorological conditions at the time of the event. 

5 J.2 Building Emergency Director 

6 Emergency response will be directed by the Building Emergency Director (BED) until the Incident 
7 Commander (IC) arrives. The Incident Command System and staff with supporting on-call personnel 
8 fulfill the responsibi lities of the Emergency Coordinator as discussed in WAC 173-303-360. 

9 During events, LERF and 200 Area ETF,ll,ERF personnel perform response duties under the direction of 
10 the BED. The Incident Command Post (ICP) is managed by the senior Hanford Fire Department official, 
11 unless the event is determined to be primari ly a security event, in which case the Hanford Fire 
12 Department and Hanford Patrol wi ll operate under a unified command system with Hanford Patrol 
13 making all decisions pertaining to security. These individuals are designated as the IC and as such, have 
14 the authority to request and obtain any resources necessary for protecting people and the environment. 
15 The BED becomes a member of the ICP and functions under the direction of the IC. In this role, the BED 
16 continues to manage and direct LERF,i and 200 Area ETF operations. 

17 A listing of BEDs by title, work location, and work telephone numbers is contained in Section J. 7 of this 
18 plan. The BED is on the premises or is available through an "on-call" list 24 hours a day. Names and 
19 home telephone numbers of the BEDs are available from the Patrol Operations Center (POC) in 
20 accordance with Permit Condition II.A.4. 

21 J.3 Implementation of the Plan 

22 In accordance with WAC l 73-303-360(2)(b) the BED ensures that trained personnel identify the 
23 character, source, amount, and areal extent of the release, fire, or explosion to the extent possible. 
24 Identification of waste can be made by activities that can include, but are not limited to, visual inspection 
25 of involved containers, sampling activities in the field, reference to inventory records, or by consulting 
26 with facility personnel. Samples of materials involved in an emergency might be taken by qualified 
27 personnel and analyzed as appropriate. These activities must be performed with a sense of immediacy 
28 and shall include available information. 

29 The BED shall use the following guidelines to determine if an event has met the requirements of 
30 WAC 173-303-360(2)( d): 

31 

32 

33 
34 

35 
36 

37 

38 
39 

1. 

2.a 

2.b 

3. 

The event involved an unplanned spill, release, fire , or explosion, 

AND 

The unplanned spill or release involved a dangerous waste, or the material involved became a 
dangerous waste as a result of the event (e.g., product that is not recoverable.), or 

The unplanned fire or explosion occurred at the m LERF and 200 Area ETF or 
transportation activity subject to RCRA contingency planning requirements, 

AND 

Time urgent response from an emergency services organization was required to mitigate the 
event or a threat to human health or the environment exists. 

40 As soon as possible, after stabilizing event conditions, the BED shall determine, in consultation with the 
41 site contractor environmental single point-of-contact, if notification to the Washington State Department 
42 of Ecology (Ecology) is needed to meet WAC 173-303-360(2)( d) reporting requirements. If all of the 
43 conditions under l , 2, and 3 are met, notifications are to be made to Ecology. Additional information is 
44 found in Permit Attachment 4, Hanford Emergency Management Plan, (DOE/RL-94-02) , Section 4.2 . 

45 If review of all available information does not yield a definitive assessment of the danger posed by the 
46 incident, a worst-case condition will be presumed and appropriate protective actions and notifications will 

M J.3 
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l be initiated. The BED is responsible for initiating any protective actions based on their best judgment of 
2 the incident. 

3 The BED must assess each incident to determine the response necessary to protect the personnel, facility, 
4 and the environment. If assistance from Hanford Patrol , Hanford Fire Department, or ambulance units is 
5 required, the Hanford Emergency Response Number (911 from site office phones/373-0911 from cellular 
6 phones) must be used to contact the POC and request the desired assistance. To request other resources 
7 or assistance from outside the E+F,lLERF and 200 Area ETF, the POC business number is 373-3800. 

8 J.3.1 Protective Actions Responses 

9 Protective action responses are discussed in the following sections. The steps identified in the following 
10 description of actions do not have to be performed in sequence because of the unanticipated sequence of 
11 incident events. 

12 J.3.1.1 Evacuation 

13 The objective of a facility evacuation order is to limit personnel exposure to hazardous materials or 
14 dangerous/mixed waste by increasing the distance between personnel and the hazard. The scope of the 
15 evacuation includes evacuation of the facility because of an event at the facility as well as evacuation of 
16 the facility in response to a site evacuation order. Evacuation will be directed by the BED when 
17 conditions warrant and will apply to all personnel not actively involved in the event response or 
18 emergency plan related activities. 

19 The BED will initiate the evacuation by directing an announcement be made to evacuate along with the 
20 evacuation location over a public address system, facility radios, and, as conditions warrant, by activating 
21 the 200 Area site evacuation alarms by calling the POC using 911 from site office phones/3 73 -0911 from 
22 cellular phones. Personnel proceed to a predetermined staging area (shown in Figure J.2), or other safe 
23 upwind location, as determined by the BED. The BED will determine the operating configuration of the 
24 facility and identify any additional protective actions to limit personnel exposure to the hazard. 

25 Emergency organization personnel or assigned operations personnel will conduct a sweep of occupied 
26 buildings to ensure that all non-essential personnel and visitors have evacuated. For an immediate 
27 evacuation, accountability will be performed at the staging area. The BED will assign personnel as 
28 accountability aides and staging managers with the responsibility to ensure that evacuation actions are 
29 taken at all occupied buildings at the E+F,lLERF~ and 200 Area ETF. All implementing actions executed 
30 by the aides/managers are directed by the emergency response procedures. When evacuation actions are 
31 complete, the aides/managers will provide a status report to the BED. The BED will provide status to the 
32 IC. 

33 
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1 J.3.1.2 TakeCover 
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2 The objective of the take cover order is to limit personnel exposure to hazardous materials, or 
3 dangerous/mixed waste when evacuation is inappropriate or not practical. Evacuation might not be 
4 practical or appropriate because of extreme weather conditions or the material release might limit the 
5 ability to evacuate safely personnel. 

6 The BED will initiate the take cover by directing an announcement be made over the public address 
7 system, facility radios, and, as conditions warrant, by activating the 200 Area site take cover alanns by 
8 call ing the POC using 911 from site office phones/373-0911 from cellular phones). Actions to complete a 
9 faci lity take-cover will be directed by the emergency response procedure. Protective actions associated 

IO with operations include configuring, or shutting down, the ventilation systems. Determination of 
11 additional take cover response is based on plant operating configuration, weather conditions, amount and 
12 duration of release, and other conditions, as applicable to the event and associated hazard. As a 
13 minimum, personnel exposure to the hazard wil l be minimized. The BED wil l assign personnel as 
14 accountability aides with responsibility to ensure that take-cover actions are taken at a ll occupied 
15 buildings at the200 Area ETF complex. All implementing actions executed by the aides/managers are 
16 directed by the emergency response procedure. When take cover actions are complete, the aides/manager 
17 wi ll provide the BED with a status report. 

18 J.3.2 Response to Facility Operations Emergencies 

19 Depending on the severity of the following events , the BED reviews the site wide procedures and 
20 e-+-F,ILERF and 200 Area ETF emergency response procedure(s) and, as required, categorizes and/or 
21 classifies the event. If necessary, the BED initiates area protective actions and Hanford Site Emergency 
22 Response Organization activation. The steps identified in the fo llowing description of actions do not have 
23 to be performed in sequence because of the unanticipated sequence of incident events. 

24 J.3.2.1 Loss of Utilities 

25 A case-by-case evaluation is required for each event to determine loss of utility impacts. When a BED 
26 detennines a loss of utility impact, actions are taken to ensure dangerous and/or mixed waste is being 
27 properly managed, to the extent possible given event circumstances. As necessary , the BED will stop 
28 operations and take appropriate actions until the utility is restored. 

29 J.3.2.2 Major Process Disruption/Loss of Plant Control 

30 The hazards assessment has determined that this occurrence does not pose significant risk to human 
31 health or the environment. 

32 J.3.2.3 Pressure Release 

33 The hazards assessment has determined that a pressure release does not pose significant risk to human 
34 health or the environment. Hazardous materia l release and dangerous/mixed waste releases are addressed 
35 in Section J.2.5 0 

36 J.3.2.4 Fire and/or Explosion 

3 7 In the event, of a fire, the discoverer activates a fire alarm (pull box); calls 911 from site office 
38 phones/373-09 11 from cellular phones or verifies that the Hanford Emergency Response Number has 
39 been called. Automatic initiation of a fire alarm (through the smoke detectors, and sprinkler systems) is 
40 also possible. 

41 • Unless otherwise instructed, personnel shall evacuate the area/bui lding by the nearest safe exit 
42 and proceed to the designated staging area for accountability. 

43 • On actuation of the fi re alarm, ONLY if time permits, personnel should shut down equipment, 
44 secure waste, and lock up classifi ed materials (or hand carry them out). The alarm automatically 
45 signals the Hanford Fire Department. 

J-,M.7 
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l • The BED proceeds directly to the ICP, obtains all necessary information pertaining to the 
2 incident, and sends a representative to meet Hanford Fire Department. 

3 • The BED provides a formal turnover to the IC when the IC arrives at the ICP. 

4 • The BED informs the Hanford Site Emergency Response Organization as to the extent of the 
5 emergency (including estimates of dangerous waste and mixed waste quantities released to the 
6 environment). 

7 • If operations are stopped in response to the fire , the BED ensures that systems are monitored for 
8 leaks, pressure buildup, gas generation, and ruptures. 

9 • Hanford Fire Department firefighters extinguish the fire as necessary. 

10 NOTE: Following a fire and/or explosion, WAC 173-303-640(7) will be addressed for the 200 Area ETF 
11 regarding fitness for use. 

12 J.3.2.5 Hazardous Material , Dangerous and/or Mixed Waste Spill 

13 Spills can result from many sources including process leaks, container spills or leaks, damaged packages 
14 or shipments, or personnel error. Spills of mixed waste are complicated by the need to deal with the extra 
15 hazards posed by the presence of Atomic Energy Act materials. These controls include containment 
16 berms, dedicated spill control sumps, remote gauges, and level indicators as well as spray shields on 
17 chemical pipe flanges. WRPS procedures provide alarm response and maintenance actions for leak 
18 detection equipment, surveillance of possible leak locations, and response actions for detected spills. 

19 • The discoverer notifies BED and initiates SWIM& response: 

20 Stops work 
21 Warns others in the vicinity 
22 Isolates the area 
23 Minimjzes the exposure to the hazards 
24 Requests the BED Secure ventilation 

25 • If Operations are stopped, the BED ensures that the plant is put in a safe shutdown configuration. 

26 • The BED determines if emergency conditions exist requiring response from the Hanford Fire 
27 Department based on classification of the spill and injured personnel, and evaluates need to 
28 perform additional protective actions. 

29 • If the Hanford Fire Department resources are not needed, the spill is mitigated with resources 
30 identified in Section J.4 of this plan and proper notifications are made. 

31 • If the Hanford Fire Department resources are needed, the BED calls 911 from site office 
32 phones/373-0911 from cellular phones. 

33 • The BED sends a representative to meet the Hanford Fire Department. 

34 • The BED provides a fonnal turnover to the IC when the IC arrives at the ICP. 

35 • The BED informs the Hanford Site Emergency Response Organization as to the extent of the 
36 emergency (including estimates of dangerous waste and mixed waste quantities released to the 
3 7 environment). 

38 • If operations are stopped in response to the spill , the BED ensures that systems are monitored for 
39 leaks, pressure buildup, gas generation, and ruptures. 

40 • Hanford Fire Department stabilizes the spill. 

41 OTE: For response to leaks or spills and disposition of leaking or unfit-for-use tank systems, refer to 
42 WAC 173-303-640(7). 

J-,M.8 



PCN-LERF/ETF-2015-02 

J.3.2.5.1 Damaged, or Unacceptable Shipments 
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2 During the course of receiving an onsite transfer of dangerous and/or mixed waste at -e+FILERF and 
3 200 Area ETF an unanticipated event could be discovered resulting in a conformance issue concerning 
4 the waste. Damaged or unacceptable shipments resulting from onsite transfers are not subj ect to 
5 WAC 173--303--370 however conformance issues must be resolved in order to maintain proper records. 

6 The following actions are taken to resolve the conformance issue: 

7 • Operations management is notified of the damaged or unacceptable waste to be received. 

8 • If the conformance issue results in a spill or release, actions described in Section J.3.2 .5 are taken . 

9 • The generating organization is notified of the conformance issue. 

10 An operations representative, in conjunction with the generating organization, determines the course of 
11 action to resolve the conformance issue. 

12 J.3.3 Prevention of Recurrence or Spread of Fires, Explosions, or Releases 

13 The BED, as part of the ICP, takes the steps necessary to ensure that a secondary release, fire, or 
14 explosion does not occur. The BED will take measures, where applicable, to stop processes and 
15 operations, collect and contain released waste, and remove or isolate containers . The BED also monitors 
16 for leaks, pressure buildups, gas generation, or ruptures in valves, pipes, or other equipment, whenever 
17 this is appropriate. 

18 J.3.4 Incident Recovery and Restart of Operations 

19 A recovery plan is developed when necessary in accordance with Permit Attachment 4, Hanford 
20 Emergency Management Plan, (DOE/RL-94-02) , Section 9.2. A recovery plan is needed following an 
21 event where further risk could be introduced to personnel, the B+F+LERF and 200 Area ETF, or the 
22 environment through recovery action and/or to maximize the preservation of evidence. 

23 If this plan was implemented according to Section J.3 of this plan, Ecology is notified before operations 
24 can resume. The Permit Attachment 4, Hanford Emergency Management Plan, (DOEIRL-94-02) , 
25 Section 5.1 discusses different reports to outside agencies. This notification is in addition to those 
26 required reports and includes the following statements: 

27 • There are no incompatibility issues with the waste and released materials from the incident. 

28 • All the equipment has been cleaned, fit for its intended use, and placed back into service. 

29 The notification required by WAC l 73-303-360(2)(j) may be made via telephone conference. Additional 
30 information that Ecology requests regarding these restart conditions will be included in the required 
31 15-day report identified in Section J.5 of this plan. 

32 For emergencies not involving activation of the Hanford EOC, the BED ensures that conditions are 
33 restored to normal before operations are resumed. If the Hanford Site Emergency Response Organization 
34 was activated and the emergency phase is complete, a special recovery organization could be appointed at 
35 the discretion of RL to restore conditions to normal. This process is detailed in RL and contractor 
36 emergency procedures. The makeup of this organization depends on the extent of the damage and the 
37 effects. The onsite recovery organization will be appointed by the appropriate contractor's management. 

38 J.3.5 Incompatible Waste 

39 After an event, the BED or the onsite recovery organization ensures that no waste that might be 
40 incompatible with the released material is treated, stored, and/or disposed of until cleanup is completed. 
41 Cleanup actions are taken by -e+FILERF and 200 Area ETF personnel or other assigned personnel. 
42 Permit Attachment 4, Hanford Emergency Management Plan, (DOEIRL-94-02), Section 9.2.3, describes 
43 actions to be taken. 

g 1.9 
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1 Waste from cleanup activities is designated and managed as newly generated waste. A field check for 
2 compatibility before storage is performed as necessary. Incompatible wastes are not placed in the same 
3 container. Containers of waste are placed in storage areas appropriate for their compatibility class. 

4 If incompatibility of wastes was a factor in the incident, the BED or the onsite recovery organization 
5 ensures that the cause is corrected. 

6 J.3.6 Post Emergency Equipment Maintenance and Decontamination 

7 All equipment used during an incident is decontaminated (if practicable) or disposed of as spill debris. 
8 Decontaminated equipment is checked for proper operation before storage for subsequent use. 
9 Consumable and disposed materials are restocked. Fire extinguishers are replaced. 

1 0 The BED ensures that all equipment is cleaned and fit for its intended use before operations are resumed. 
11 Depleted stocks of neutralizing and absorbing materials are replenished; protective clothing is cleaned or 
12 disposed of and restocked, etc. 

13 J.4 Emergency Equipment 

14 Emergency resources and equipment for the e+F,ILERF and 200 Area ETF are presented in this section. 

15 J.4.1 Fixed Emergency Equipment 

TYPE LOCATION CAPABILITY 
Safety shower/ • 2025-E Rm 112 Laboratory Assist in flushing chemicals/ 
eye wash stations • +--2025:E Rm 122 Decon Station materials from the body and/ or 
(200 Area ETF only) I 2025E So\ith Wall of Prooess Area eyes and face of personnel. 

• -l---2025:E Rm 131 , South Process Area 

• +--2025:E Rm 134, Air Compressor Room 
I Olitside SO\itA 2025: E fteafConcentrated acid/ 
caustic tanks area (outside) 

• 
I Outside at2025-ED Load-½In s.S.tation (outside) 

• 1 ,..,. ,v-.. ~T: n . __ 1 ,,... T _ 
... _ .., _ ..,....., · ·- -

Wet pipe sprinkler Throughout the ETfbuilding 2025-E except those Assist in the control of a fire . 
(200 Area ETF only) areas protected by preactive sprinklers 
Preactive sprinkler 200 Area ETF Control f_Room, communications Assist in the control of a fire. 
(200 Area ETF only) room, electrical equipment room Maintained dry to prevent 

accidental dama2:e to eauipment 
Fire alarm pull boxes All high traffic areas in operations administration Activate the local fire alarm 
(200 Area ETF only) and support areas, truck bay, and process area 
E-lights Throughout 200 Area ETF 1 hour temporary lighting 

16 J.4.2 Portable Emergency Equipment 

TYPE LOCATION CAPABILITY 

Fire extinguisher Throughout 200 Area ETF Fire suppression for Class A, B, and 
ABC type (Administrative/Support areas), LERF, and C fires 

TEDF 
Fire extinguisher Throughout 200 Area ETF Fire suppression for Class B and C 
BC type (process area and electrical room) fires 
Portable safety showers As needed for special evolutions and Assist in flushing chemicals/ 
and Eye Wash Stations maintenance materials from the body and/or eyes 

and face of personnel. 

M J.10 
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J.4.3 Communications Equipment/Warning Systems 

TYPE LOCATION 
Fi re alarms Corridors, locker rooms, process area, drum 
(200 Area ETF only) storage, and truck bay 
Take cover/evacuation Throughout the 200 Area ETF 

Public address system Throughout the 200 Area ETF 
(200 Area ETF Onl y) 
Portable radios Operations and maintenance perso1mel 

Telephone • 200 Area ETF eoRtro l room.:. 
Control Room, 2025: E, 2025: EA offi ces, 
MO-: 148, MO-269, MO-: 251 , 
2025EC7 I .2025-EC-7 1 

• LERF--.:._MO-727 and 
242AL 7 1 instrument building, LE RF Garage 
242ALI I 

• TEDF---.:._225:E (pump house I), 
225 W (pump house 2), 6653 (sample 
building), 6653-A (pump house 3) 

WA 7890008967 
LERF and 200 Area ETF 

CAPABILITY 
Audi ble throughout 200 Area ETF 

Audible outside build ings and 
inside administrati ve buildings 
Audible throughout 200 Area ETF 

Communication to OOH-tFt» 
f00ffl200 Area ETF Control Room 
Internal and external 
communications. Allows 
notifi cation of outside resources 
(POC, HFD, Hanford Patrol , etc. 

2 Note: Sitew ide communications and warn ing systems are identified in Permit Attachment 4, Hanford 
3 Emergency Management Plan, (DOE/RL-94-02), Table 5.1. 

4 

5 

J.4.4 Personal Protective Equipment 

TYPE LOCATION CAPABILITY 

Acid suits In the spill response cabinets in 2025-E Chemical protection for personnel during 
containment and isolation 

Respirators 2025::E, 1st Floor Filtered air for recovery of known hazards 

J.4.5 Spill Control and Containment Supplies 
SPILL KITS AND SPILL CONTROL EQUIPME~JT 
TYPE LOCATION 
Spill bags, drums, carts, 
etc. 

Spill response cabinet 

_• _ 4--2025: E in process area 
I TEDF 6653 Disposa l Bui ldiRg 

_• _+--2025: E upper level process area 
_• _ +--2025: E Rm 125A 
_• _+--2025: ED Load-In Station CO~IEX 
• TEDF 6653 Di osa l Buildin 
_• _+--2025: E Rm 122 

CAPABILITY 
Support containment and 
cleanup of hazardous material 
spills 

Support equipment for spill 
!...._~ontainer storage CO EX East of2025E response 

building within the TSD unit boundary 

• 
_• _ +--TEDF 6653 Disposa l Building 
--+--MO-727 Change Trail er 

• 01e1toids ooMtkosot oido onQ~5e 

6 J.4.6 Incident Command Post 

7 The ICPs for the -E+F,ILERF and 200 Area ETF are in the 200 Area ETF e.C.ontro l fli oom or 2025-: EA. 
8 Emergency resource materials are stored at each location. The IC could activate the Hanfo rd Fi re 
9 Department Mobile Command Unit if necessary. 

M J.11 
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J.5 Required Reports 

WA 7890008967 
LERF and 200 Area ETF 

2 Post incident, written reports are required for certain incidents on the Hanford Site. The reports are 
3 described in Permit Attachment 4, Hanford Emergency Management Plan, (DOE/RL-94-02), Section 5. 1. 

4 Facility management must note in the Hanford Facility Operating Record, LERF & 200 Area ETF File, 
5 the time, date and details of any incident that requires implementation of the contingency plan (refer to 
6 Section J.31. Within fifteeR (l 51 days after the incident, a written report must be submitted to Ecology. 
7 The report must include the elements specified in WAC l 73-303-360(2)(k). 

8 J.6 Plan Location and Amendments 

9 Copies of this plan are maintained at the following locations: 

10 • 200 Area ETF e_C_ontrol FRoom 

11 • Building 2025EA ICP 

12 This plan will be reviewed and immediately amended as necessary, in accordance with Permit 
13 Attachment 4, Hanford Emergency Management Plan, (DOE/RL-94-02) , Section 14.3.1.1. 

14 J.7 Facility/Building Emergency Response Organization 

~ LERF and 200 Area ETF BuildinQ EmerQencv Directors 

TITLE WORK LOCATION WORK PHONE 

Shift Operation Manager (SOM) 2025:E Building 373-9000 or 373-9500 

15 Names and home telephone numbers of the BEDs are available from the POC (373-3800) in accordance 
16 with Permit Condition 11.A.4. 
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Hanford Facility RCRA Permit Modification Notification Form 

Unit: Pennit Part: 

Waste Treatment and Immobilization Plant Part Ill, Operating Unit 10 

Descri12tion of Modification: 

The purpose of this Class 1 prime modification is to provide the final Environmental Risk Assessment Work Plan 
for the Hanford Tank Waste Treatment and Immobilization Plant in accordance with DWP Condition 111 .10.C.11.a. 

This permit modification requests that the final risk assessment work plan be updated in the DWP Appendix 6, as 
follows: 

Appendix 6.1 
Replace: 24590-WTP-RPT-ENS-03-006, Rev 0 With: Replaced with Appendix 6.2 
Appendix 6.1.1 
Replace: 24590-RPT-W375-EN00001, Rev 1 With: Replaced with Appendix 6.2 
Appendix 6.1.2 
Replace: DOE-01-EQD-021 With: Replaced with Appendix 6.2 

Appendix 6.2 
Replace: Risk Assessment Work Plan With: Final Risk Assessment Work Plan: 

(RESERVED) 24590-WTP-RPT-ENV-14-002, Rev 0, 
Environmental Risk Assessment Work 
Plan for the Hanford Tank Waste 
Treatment and Immobilization Plant 

Appendix 6.2.1 
Add: Supplement 1 24590-WTP-RPT-ENV-10-001, Rev o: 

Constituents of Potential Concern for the WTP 
Air and Dangerous Waste Permits 

Appendix 6.2.2 
Add: Supplement 2 24590-WTP-RPT-PO-03-008, Rev 2, 

Integrated Emissions Baseline Report for the 
Hanford Tank Waste Treatment and 
Immobilization Plant 

Appendix 6.2.3 
Add: Supplement 3 24590-WTP-HAC-50-00001, Rev C, Estimated 

Organic Emissions from Process Cells 

Appendix 6.2.4 
Add: Supplement 4 24590-WTP-RPT-ENS-07-002, Rev 0, 

Chemical Parameters and Toxicological Inputs 
for the Environmental Risk Assessment for the 
Hanford Tank Waste Treatment and 
Immobilization Plant 

Appendix 6.2.5 
Add: Supplement 5 24590-WTP-RPT-ENV-08-001, Rev 2, Hanford 

Tank Waste Treatment and Immobilization 
Plant Risk Assessment Air Quality Modeling 
Protocol 

This modification requests Ecology approval and incorporation into the permit the specific changes to the final 
Environmental Risk Assessment Work Plan that were made to address comments received from Ecology. The 
comments were-addressed and proposed revisions to the final Environmental Risk Assessment Work Plan were 
made in consultation with Ecology, as required by DWP Condition 111.1 0.C.11 .a. 

24590-SENV-FOO0l l Rev 29 (Revised 5/27/2014) Ref: 24590-WTP-GPP-SENV-0IQ 
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The following identifies the significant changes that have been made on the attached final Environmental Risk 
Assessment Work Plan: 

• The document was renumbered and revised to incorporate changes that address Ecology comments. 
• The American Indian scenarios were modified to incorporate the U.S. Department of Energy scenario in 

the document and to discuss the scenarios of Confederated Tribes of the Umatilla Indian Reservation 
and the Yakama Nation in the uncertainty section of the document. 

• The process to identify the Constituents of Potential Concern, 24590-WTP-RPT-ENV-10-001, 
Constituents of Potential Concern for the WTP Air and Dangerous Waste Permits, was added as 
Supplement 1. 

• Supplement 2 includes 24590-WTP-RPT-PO-03-008, Integrated Emissions Baseline Report for the 
Hanford Tank Waste Treatment and Immobilization Plant. Supplement 2 will be updated in accordance 
with DWP Condition 111.1 0.C.11.b. 

• Supplement 3 includes 24590-WTP-HAC-50-00001 , Estimated Organic Emissions from Process Cells. 
Supplement 3 will be updated in accordance with DWP Condition 111.10. C.11 . b. 

• The physical property and toxicity data were moved to Supplement 4, 24590-WTP-RPT-ENS-07-002, 
Chemical Parameters and Toxicological Inputs for the Environmental Risk Assessment for the Hanford 
Tank Waste Treatment and Immobilization Plant. Supplement 4 will be updated in accordance with DWP 
Condition 111.1 0.C.11 .b. 

• Supplement 5 includes 24590-WTP-RPT-ENV-08-001, Hanford Tank Waste Treatment and 
Immobilization Plant Risk Assessment Air Quality Modeling Protocol. 

As required by DWP Condition 111.1 0.C.11 .a., the final Environmental Risk Assessment Work Plan addresses the 
following : 

DWP Condition 111.1 0.C.11 .a.: 

111.10.C.11 .a.i 
EPA guidance for performance of Human 
Health and Ecological Risk Assessments for 
Hazardous Waste Combustion Facilities 
current at the time of the submittal, assuming 
both residential and non-residential use 
scenarios; 

111.1 0.C.11 .a.ii 
Toxicity data current at the time of the 
submittal; 

111.1 0.C.11 .a.iii 
Compounds newly identified or updated 
emissions data from current waste 
characterization and emission testing; 

111.10.C.11.a.iv 
Air modeling updated to include stack gas 
parameters based on most current emissions 
testing and WTP Unit design; 

24590-SENV-F000I I Rev 29 (Revised 5/27/2014) 

Appendix 6.2 Environmental Risk Assessment 
Work Plan: 
24590-WTP-RPT-ENV-14-002; incorporated by 
reference: 
• EPA. 2005. Human' Health Risk 

Assessment Protocol for Hazardous Waste 
Combustion Facilities, Final , EPA/530/R-
05/006. US Environmental Protection 
Agency , Washington, DC. 

• EPA. 1999. Screening Level Ecological 
Risk Assessment Protocol for Hazardous 
Waste Combustion Facilities, Peer Review 
Draft, EPA 530-D-99-001A. Office of Solid 
Waste and Emergency Response, 
US Environmental Protection Agency, 
Washinqton, DC. 

Supplement 4, 24590-WTP-RPT-ENS-07-002 

Supplement 1, 24590-WTP-RPT-ENV-10-001 

Supplement 5, 24590-WTP-RPT-ENV-08-001 

Ref: 24590-WTP-GPP-SENV-0 I 0 
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111.10.C.11 .a.v 
Physical/transport properties of constituents, 
current at the time of the submittal; 

111.10.C.11 .a.vi 
Process Description based on most current 
WTP Unit design; 

111.1 0.C.11.a.vii 
Emissions data and all supporting 
calculations based on most current WTP 
Unit; 

111.10.C.11.a.viii 
Update of receptor locations based on land 
use or land use zoning changes, if any. 

Page 4 of 4 
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Supplement 4, 24590-WTP-RPT-ENS-07-002 

DWP Chapter 4, Section 4.1, Process 
Description 

Supplement 2, 24590-WTP-RPT-PO-03-008, and 
Supplement 3, 24590-WTP-HAC-50-00001 

24590-WTP-RPT-ENV-14-002, Section 6 

In accordance with Permit Condition 111.1 0.C.2.e, this permit modification sent to Ecology may include page 
changes to the Permit, attachments, and permit application supporting documentation. 

WAC 173-303-830 Modification Class: Class 1 

Please mark the Modification Class: 
Enter relevant WAC 173-303-830, Appendix I Modification citation number: N/A 
Enter wording of WAC 173-303-830, Appendix I Modification citation: 

Class 1 Class 2 Class 3 

X 

In accordance with WAC 173-303-830(4)(d)(i), this modification notification is requested to be reviewed and approved as a 
Class 11 modification. WAC 173-303-830(4)(d)(ii)(A) states, "Class 1 modifications apply to minor changes that keep the 
permit current with routine changes to the facility or its operation. These changes do not substantially alter the permit 
conditions or reduce the capacity of the facility to protect human health or the environment. In the case of Class 1 
modifications, the director may require prior approval." 

Modification 
Approved/Concur: 

Reason for denial: 

Yes D Denied (state reason below) 

24590-SENY-F000l 1 Rev 29 (Revised 5/27/2014) 

Reviewed by Ecology: 

Date 

Ref: 24590-WTP-GPP-SENY-0 I 0 
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Notice 

2 Please note that source, special nuclear, and byproduct materials, as defined in the Atomic 
3 Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities 
4 exclusively by DOE acting pursuant to its AEA authority. DOE asserts that, pursuant to the 
5 AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear, 
6 and byproduct materials at DOE-owned nuclear facilities. Information contained herein on 
7 radionuclides is provided for process description purposes only. 
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History Sheet 

Rev Reason for revision Revised by 
0 This document incorporates comments received from the Washington D Blumenkranz 

Department of Ecology and the US Environmental Protection Agency (see 
CCNs 175994, 248585 , 248586, 248587, 263685, and 263688). This document 
supersedes document 24590-WTP-RPT-ENS-03-006, Rev 2. 
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Acronyms and Abbreviations 

ADAF 

ADD 

AE 

AEGL 

AHQ 

AIEC 

APCS 

AR 

AREC 

AREL 

ATSDR 

AUF 

BAF 

BCF 

BEF 

BIF 

BLM 

CalEPA 

CAS 

CDE 

CFR 

CLUP 

COPC 

CSEFH 

age dependent adjustment factors 

average dai ly dose 

absorption efficiency 

acute exposure guideline level 

acute hazard quotient 

acute inhalation exposure criterion 

air pollution control system 

arylhydrocarbon receptor 

acute radionuclide exposure criterion 

acute reference exposure level 

Agency for Toxic Substances and Disease Registry 

area use factor 

bioaccumulation factor 

bioconcentration factor 

bioaccumulation equivalency factor 

boiler and industrial furnace 

US Bureau of Land Management 

California Environmental Protection Agency 

Chemical Abstract Services 

committed dose equivalent 

Code of Federal Regulations 

Comprehensive Land-Use Plan 

chemical of potential concern 

Child-Specific Exposure Factors Handbook 
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CSP 

CSM 

CTUIR 

DCF 

DD 

DEM 

DNA 

DOE 

DQO 

DST 

DW 

DWP 

EC 

ECF 

Eco-SSL 

Ecology 

EDL 

EFH 

EIS 

EPA 

EPC 

ERA 

ERPG 

ESB 

ESQ 

ESU 
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cancer slope factor 

conceptual site model 

Confederated Tribes of the Umatilla Indian Reservation 

dose conversion factor 

daily dose 

digital elevation model 

deoxyribonucleic acid 

US Department of Energy 

data quality objective 

double-shell tank 

dry weight 

Dangerous Waste Permit 

exposure concentration 

elevation correction factor 

Ecological Soil Screening Level 

Washington State Department of Ecology 

estimated detection limit 

Exposure Factors Handbook 

Environmental Impact Statement 

US Environmental Protection Agency 

exposure point concentration 

ecological risk assessment 

Emergency Response Planning Guideline 

Equilibrium Partitioning Sediment Benchmark 

ecological screening quotient 

evolutionarily significant unit 
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ETF 

FCM 

FCV 

FEALE 

FGR 

FR 

FRA 

FW 

FWS 

GAF 

HAB 

HEAST 

HEME 

HEPA 

HHRA 

HHRAP 

HI 

HLW 

HOP 

HQ 

IAEA 

IHLW 

ILAW 

ILCR 

IRIS 

ISCST3 
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Effluent Treatment Facility 

food chain multiplier 

final chronic value 

Fitzner-Eberhardt Arid Lands Ecology Reserve 

Federal Guidance Report 

Federal Register 

final risk assessment 

fresh weight 

US Fish and Wildlife Service 

gastrointestinal absorption factor 

Hanford Advisory Board 

Health Effects Assessment Summary Table 

high-efficiency mist eliminator 

high-efficiency particulate air 

human health risk assessment 

Human Health Risk Assessment Protocol 

hazard index 

high-level waste 

high-level waste melter process system 

hazard quotient 

International Atomic Energy Agency 

immobilized high-level waste 

immobilized low-activity waste 

incremental lifetime cancer risk 

Integrated Risk Information System 

Industrial Source Complex Short Term Model, Version 3 
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ISMS 

IWAQM 

IX 

LADD 

LAW 

LERF 

LOAEL 

LOP 

LVP 

MDL 

MM5 

MSA 

MSL 

MTCA 

MW 

NAAQS 

NAWQC 

NCEA 

NCR 

NOAA 

NOAEL 

ORP 

OSHA 

OSWER 

PAH 

PCB 
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integrated safety management system 

Interagency Workgroup on Air Quality Modeling 

ion exchange 

lifetime average daily dose 

low-activity waste 

Liquid Effluent Retention Facility 

lowest observed adverse effect level 

low activity waste primary offgas process system 

low activity waste secondary offgas/vessel vent process system 

method detection limit 

Mesoscale Model 5 

Mission Support Alliance 

mean sea level 

Model Toxics Control Act 

molecular weight 

National Ambient Air Quality Standard 

National Ambient Water Quality Criteria 

National Center for Environmental Assessment 

Nuclear Regulatory Commission 

National Oceanic and Atmospheric Administration 

no observed adverse effect level 

Office of River Protection 

Occupational Safety and Health Administration 

Office of Solid Waste and Emergency Response 

polycyclic aromatic hydrocarbons 

polychlorinated biphenyl 
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PCDD 

PCDF 

pCi 

PEF 

PIC 

PIM 

PN 

PNNL 

PRA 

PSD 

PT 

PVP 

PVV 

PWD 

QF 

RAGS 

RAWP 

RCRA 

RDL 

RCF 

RF 

RfC 

RID 

RFD 

RME 

ROD 
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polychlorinated dibenzo-p-dioxin 

polychlorinated dibenzofuran 

p1cocune 

particulate emission factor 

product of incomplete combustion 

pulse j et mixer 

pulse jet ventilation system 

Pacific Northwest National Laboratory 

pre-demonstration test risk assessment 

prevention of significant deterioration 

Pretreatment (Facility) 

pretreatment vessel vent process system 

pretreatment process vessel vent extraction 

plant wash and disposal system 

quality factor 

EPA' s Risk Assessment Guidance for Superfimd 

risk assessment work plan 

Resource Conservation and Recovery Act 

reliable detection limit 

root concentration factor 

risk factor 

reference concentration 

reference dose 

reverse flow diverter 

reasonable maximum exposure 

Record of Decision 
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ROPC 

RPF 

RSL 

SBS 

SCR 

scv 

SF 

SFr 

SLERA 

SLERAP 

SLRA 

SSFM 

svoc 

T&E 

TAP 

TC&WM 

TCDD 

TCDF 

TCE 

TEDF 

TEEL 

TEF 

TEQ 

TIC 

TLP 

TOE 
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radionuclide of potential concern 

relative potency factor 

Regional Screening Level 

submerged bed scrubber 

selective catalytic reduction 

secondary chronic value 

slope factor 

soil or sediment ingestion fraction 

screening-level ecological risk assessment 

Screening-Level Ecological Risk Assessment Protocol 

screening-leve l risk assessment 

steady-state flowsheet model 

semivolatile organic compound 

threatened and endangered 

toxic air pollutant 

Tank Closure and Waste Management 

tetrachlorodibenzo-p-dioxin 

tetrachlorodibenzofuran 

trichloroethylene 

Treated Effluent Disposal Facility 

temporary emergency exposure limit 

toxicity equivalency factor 

toxic equivalency 

tentatively identified compound 

treated low activity waste evaporation process system 

total organic emissions 
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TRU 

TRY 

TSS 

TUF 

TWRS 

UHC 

UNSCEAR 

UR 

URF 

USGS 

USLE 

UTS 

voe 

WAC 

WESP 

WHO 

WTP 

YN 
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transuranic 

toxicity reference value 

total suspended solids 

temporal use factor 

Tank Waste Remediation System 

underlying hazardous constituent 

United Nations Scientific Committee on the Effects of Atomic Radiation 

unit risk 

unit risk factor 

US Geological Survey 

Universal Soil Loss Equation 

Universal Treatment Standards 

volatile organic compound 

waste acceptance criteria 

wet electrostatic precipitator 

World Health Organization 

Hanford Tank Waste Treatment and Immobilization Plant 

Yakama Indian Nation 
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Glossary 

Abated emissions 

Abiotic 

Anadromous 

Animal fraction (FA) 

Benthic 

Bioaccumulation factor 
(BAF) 

Bioaccumulation factor 
for an animal product 

Bioconcentration factor 
(BCF) 

Biomagnification factor 
(EMF) 

CALPUFF 

Cancer Slope Factor 
(CSF) 

Carnivore 
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Emissions that have passed through WTP process mechanisms or air 
pollution control equipment to reduce the potential for public exposure 
consistent with applicable air permitting requirements. 

Non-living; used to describe air, soi l, sediment, and water to which receptors 
may be exposed. 

Describing fish that spend most of their adult lives in salt water and migrate 
to freshwater rivers and lakes to reproduce. 

Fraction of a receptor's diet that is animal or prey (unitless). 

Having to do with sediment at the bottom of a stream, pond, river, or lake. 

Uptake factor for direct and indirect transfer of chemicals from abiotic 
medium and food to an organism, expressed as the ratio of the concentration 
of a chemical in an organism and the concentration of the chemical in an 
abiotic medium that is a direct source of the chemical for the organism and 
which the organism's food is also exposed. 

The ratio of the chemical concentration in fresh weight tissue to the daily 
intake of the chemical by the animal. 

Uptake factor for direct transfer of chemicals from abiotic medium only to an 
organism, expressed as the ratio of the concentration of a chemical in an 
organism and the concentration of the chemical in an abiotic medium that is a 
direct source of the chemical for the organism. 

The ratio of the concentration of a chemical in a consumer and the 
concentration of the chemical in its food. 

An air dispersion model. This model handles winds more realistically than 
the ISCST3 model. 

Plausible upper-bound estimate (for chemicals) and central estimate (for 
radionuclides) of the probability ofa cancer response per unit intake over a 
lifetime. 

An animal that eats other animals. 
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Conservation of mass 

Conservative 

Default 

Dose 

Driver 

EC20 

Exposure duration (ED) 

Estimated Exposure 
Level (EEL) 

Exposure frequency (EF) 

Exposure time (ET) 

Exposure Point 
Concentration (EPC) 

Ecological screening 
quotient (ESQ) 

Feed 
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The conservation of mass is a fundamental concept of physics. Within a 
defined system, the amount of mass remains constant (that is, mass cannot be 
created from nothing). For this discussion, the defined system is the release 
of chemical emissions from the WTP, subsequent deposition to soil , and 
uptake into biological organisms. 

Used in the RA WP to refer to conditions that implicitly or explicitly 
overestimate exposure. In some cases the word "conservative" is used to 
refer to procedures that result in higher risks than would have been calculated 
by explicitly using methods in the guidance. 

A predetermined numerical value that is used in place of a missing value. 

The amount of a chemical taken in by an organism. 

A COPC or ROPC that contributes l O % or more of the threshold 
incremental lifetime cancer risk for human risk, or 10 % or more of the 
threshold hazard index for human or ecological risk. 

The lowest chronic exposure that would reduce population recruitment by 
20%. 

Time period (typically in years) over which a receptor is exposed. 

The mass of constituent per mass of media [ communities] or mass daily dose 
constituent ingested per mass body weight-day [class-specific guilds] of 
ecological receptors. EEL is the same as the daily dose (DD). 

Number of days each year during which a receptor is exposed. 

Number of hours per exposure event in which a receptor is exposed. 

A concentration to which a receptor is exposure via an inhalation, ingestion, 
or adsorption pathway. 

The ratio of the constituent estimated exposure level (EEL) and the toxicity 
reference value (TRY). An ESQ value in excess of one is indicative of a 
potential risk issue. 

For the animals included in this discussion (cattle, wild game, swine, poultry, 
and wildfowl), feed may include forage, grain, or silage. 
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A pipe or tube conveying air and other abated air contaminants to the 
environment. Each WTP facility has several flues dedicated to process and 
vessel ventilation, pulse jet mixer, process cell, and building exhaust. Flues 
from each of the three main WTP facilities are bundled together into a 
structural steel lattice that is referred to as the facility's stack or effective 
stack. 

A sequence of discrete feeding relationships between different species 
populations or groups of similar organisms. 

A food chain multiplier is the ratio of a bioaccumulation factor to the 
bioconcentration factor. A food chain multiplier is used to estimate the 
concentration of a chemical in a predator eating prey. Ratios of FCMs are 
used in wildlife exposure modeling for a predator to account for the increase 
in the concentration of a chemical as it moves from an animal to its predator. 

Primarily pasture grass and hay, including wild vegetation, exposed to wet 
and dry deposition, air-to-plant transfer, and root uptake of contaminants. 

Emissions of air contaminants that do not reasonably pass through a stack, 
chimney, vent, or other functionally-equivalent opening. As discussed in 
Section 3, all process vessels and piping are located inside the Pretreatment, 
LAW vitrification, or HLW Vitrification buildings. Each building has a 
separate HV AC system that handles emissions from the process equipment 
(including leaks or spills). Process piping between buildings is double lined 
and therefore does not contribute to fugitive emissions. However, the 
building ventilation system abates only particles or aerosols; vapors 
effectively pass through the building filters and are emitted. These emissions 
are addressed as unabated emissions. 

Barley, wheat, or similar protected seed product (domestic and wi ld) , limited 
to exposure to contaminants solely through root uptake. 

Location of maximum predicted ground-level concentrations of both airborne 
and deposited emissions outside the Hanford Site boundary. This location 
wi ll have the highest modeled exposures on land that DOE does not control. 

An animal that eats primarily plant material. 

The area an ecological receptor occupies for breeding, hunting, and or 
grazmg. 

The human health risk assessment guidance document (EPA. 2005. Human 
Health Risk Assessment Protocol for Hazardous Waste Combustion 
F aci!ities, Final, EP A/530/R-05/006). 

An animal that eats primarily insects and other invertebrates. 
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Industrial Source Complex Short-Term Model; an earlier air dispersion 
model used by the WTP, now replaced by CALPUFF. 

Heated by passing an electric current directly through the material. 

The median lethal dose of a substance, or the amount required to kill 50% of 
a given test population. 

Lowest observed adverse effect level; the lowest dose of a toxic chemical 
that caused an observab le adverse effect in a toxicity test on the endpoint 
being measured; if the range of doses tested did not include a dose low 
enough to cause a NOAEL (no observed adverse effect level), it is not 
possible to determine how close the LOAEL is to a no adverse effect level 
dose. 

The weight of material in a unit area given a specified soil depth. 

An uptake factor that results in 100 % of an available chemical being 
transferred into a biological receptor but no more. 

MilliGray, a unit of absorbed radiation equal to 0.001 Joule/kg. 

No observed adverse effect level; the highest dose of a toxic chemical that 
did not cause any observable adverse effect in a toxicity test on the endpoint 
being measured; if the range of doses tested did not include a dose high 
enough to cause a LOAEL, it is not possible to determine how close the 
NOAEL is to an adverse effect level. 

An animal that eats both plants and animals. 

Location of maximum predicted ground-level concentrations of both airborne 
and deposited emissions on the Hanford Site. This location will have the 
highest modeled exposures for current workers on the Hanford Site and for 
ecological receptors. 

Describing fish that eat plankton. 

Fraction of a receptor's diet that is plant (unitless) . 

Describing exposure scenarios for receptors that currently exist, or may 
reasonably be expected to exist in the future, at a given location (for 
example, a future resident at the Hanford offsite maximum location). 
Exposure parameters for plausible scenarios are conservative. 
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A chemical produced when combustion of an organic COPC does not 
completely convert the COPC to carbon dioxide and oxides of nitrogen, 
sulfur, and/or any other element that makes up the chemical structure of the 
COPC. 

A factor that describes the relative biologica l activity (i .e., quality) of alpha 
radiation compared to gamma radiation. 

A unit of absorbed radiation equal to 0.01 Joule/kg. 

A mathematical method that determines how closely an equation fits a series 
of data points. Regression can be used to derive a generalized equation from 
a number of observed values, for example, the equations to calculate 
bioaccumulation factors from log 10 K 0 w values. 

A factor used to calculate the belowground transfer of a chemical from the 
so il to a root vegetable. 

A benchmark calculated from chronic toxicity test data that is intended to 
allow no more than a 20 % reduction in weight or number of offspring in 
95 % of species. 

Vegetation and livestock feed that has been stored and fermented, exposed to 
wet and dry deposition, air-to-plant transfer, and root uptake of contaminants. 
Si lage is limited to consumption by domestic livestock. 

Screening-level ecological ri sk assessment protocol; the ecological risk 
assessment guidance document (EPA. 1999. Screening Level Ecological 
Risk Assessment Protocol for Hazardous Waste Combustion Facilities, Peer 
Review Draft, EPA 530-D-99-00 l A) . 

Water in the interstitial spaces between the mineral and organic particles of 
soil. 

A structural steel lattice that supports individual flues from each of the 
WTP's three main facilities. Stack parameters important to air dispersion 
modeling including flow rate, temperature and velocity can be calculated 
arithmetically as the weighted average of the combined flues within the steel 
lattice. 

The condition where the value of a variable does not change through time. 

A chemical with known bioaccumulation or toxicity factors which are used 
in lieu of those facto rs for a COPC for which the facto rs are not known. The 
surrogate is sufficiently chemically similar to the COPC that the COPC is 
expected to have similar bioaccumulation or toxicity factors to those of the 
surrogate. 
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Plant and animal species that have been designated by law as threatened or 
endangered. 

An analyte that is expected to occur in WTP airborne emissions and can 
readily be identified and quantified by chemical analytical methods that will 
be used at the WTP. 

Fraction of time each year that an ecological receptor is in the vicinity of the 
exposure location during which it forages or resides at the exposure location. 
The TUF will be assumed to be I for all receptors . 

A compound that is detected in environmental samples that is not a target 
analyte. TICs are identified generally as a result of using mass spectrometry 
techniques. When a TIC is identified, it can be definitively identified by 
analyzing an authentic standard of the putative unknown. 

Soil evenly mixed down to a depth of 20 cm. 

The ratio of toxicity of a polychlorinated dibenzodioxin, dibenzofuran, and 
biphenyl COPC to the toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin. 

A threshold value used to characterize ecological risk based upon a hierarchy 
of toxicological data. 

Emissions of air contaminants that would result if all abatement control 
equipment in the WTP did not exist, but operations were otherwise normal. 
There will be no unabated emissions from the process flues at the WTP 
facility at any time. There is the possibility that a fraction of waste being 
treated by the WTP will leak or spill from ancillary equipment such as 
valves, equipment seals, and connectors and enter WTP's process cells. 
Process cell ventilation will pass through HEPA filtration prior to discharge 
to the environment, however a portion of the organics that are vapor phase 
will not be abated by HEPA filters. These emissions are referred to as 
process cell organic emissions and have been estimated and included along 
with the abated process emissions for purposes of this risk assessment. 

Soil evenly mixed down to a depth of2 cm. 

The ratio of a chemical concentration in one environmental medium to its 
concentration in another. 

Fraction of the COPC or ROPC air concentration in vapor phase (unitless) . 
Particle phase constituents are defined as having an Fv < 0.05 (that is, having 
a vapor concentration of less than 5 percent) . Vapor phase constituents have 
an Fv = l . A subset of organic CO PCs falls into the category of particle­
bound (0.05 < Fv < l) . Particle-bound constituents have a portion of vapor 
condensed onto the particle surface. 
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An area whose soil is saturated with water; saturation causes low oxygen 
concentrations in the soi l and results in the growth of plants specialized to 
live with low oxygen levels. 

Describing exposure scenarios for receptors that are not reasonably expected 
to exist now or in the future at the specified location (for example, a future 
resident at the onsite ground maximum location). Exposure parameters for 
worst-case scenarios are conservative. 
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Symbol Glossary 

A 

a 

AbF 

ACF 

A chicken 

ADAF 

ADD 

ADD;nJant 

A ,gg 

A game 

AHQ 

A; 

AIEC 

A milk 

area of exposure for an ecological receptor 

empirical intercept coefficient 

concentration of constituent in beef 

absorbed fraction of energy from radiation 

area correction factor for an infinite slab 

concentration of constituent in chicken 

age dependent adjustment factor for cancer slope factor for mutagenic chemicals 

average daily dose: for evaluating exposure to noncarcinogenic COPCs, the intake is 
referred to as average daily dose (ADD) 

average daily dose of constituents from breast milk 

concentration of constituent in eggs 

concentration of a constituent in wildfowl 

concentration of a constituent in wild game 

acute hazard quotient 

area of impervious watershed receiving deposition 

concentration of constituent in animal product i 

acute inhalation exposure criteria 

total watershed area receiving deposition 

concentration of constituent in milk 

concentration of constituent in pork 

acute radionuclide exposure criteria for external gamma 

acute radionuclide exposure criteria for inhalation 

acute radionuclide exposure criteria for ROPC i corrected for the presence of multiple 
ROPCs 
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AUF 

Aw 

b 

Bachicken 

BAF 

BAFfish 

BAForgans 

Bamilk 
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total acute radionuclide exposure criteria 

averaging time is the period over which exposure is averaged. The averaging time for 
carcinogens is based on a lifetime exposure of 70 years 

infant averaging time 

averaging time is the period over which exposure is averaged. For noncarcinogens, 
ATN is equal in length to the exposure duration (ED) 

area use factor; the portion or percent of an ecological receptor's home range area used 
by the receptor 

average annual water body surface area 

empirical slope coefficient 

biotransfer factor for beef, expressed as the ratio of the chemical concentration in fresh 
weight tissue to the daily intake of the chemical by beef cattle 

biotransfer factor for chickens, expressed as the ratio of the chemical concentration in 
fresh weight tissue to the chemical intake from the feed by chickens 

biotransfer factor for wild game animals 

biotransfer factor for eggs, expressed as the ratio of the chemical concentration in fresh 
weight tissue to the chemical intake from the feed by chickens 

bioaccumulation factor 

bioaccumulation factor for a constituent in fish 

organ-specific bioaccurnulation factor for a constituent in fish 

biotransfer factor for milk, expressed as the ratio of the chemical concentration in fresh 
weight tissue to the daily intake of the chemical by milk cows 

biotransfer factor for pork, expressed as the ratio of the chemical concentration in fresh 
weight tissue to the daily intake of the chemical by swine 

uptake factor for direct transfer of chemicals from abiotic medium only to an 
organism, expressed as the ratio of the concentration of a chemical in an organism and 
the concentration of the chemical in an abiotic medium that is a direct source of the 
chemical for the organism 

generic notation for animal bioconcentration factor, used to calculate the transfer of a 
constituent from the exposure media to the animal 

fish bioconcentration factor, used to calculate the transfer of a constituent from surface 
water to a fi sh 
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Br 
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generic notation for the media-to-animal or media-to-plant bioconcentration factor for 
constituent i in the exposure media 

aquatic invertebrate bioconcentration factor, used to calculate the transfer of a 
constituent from surface water to an aquatic invertebrate 

plant bioconcentration factor, used to calculate the transfer of a constituent from plant 
to an animal 

soil-to-plant bioconcentration factor, used to calculate the transfer of a constituent 
from soil, sediment, or water to a plant 

soil bioconcentration factor, used to calculate the transfer of a constituent from soil or 
sediment to a plant or animal 

water bioconcentration factor, used to calculate the transfer of a constituent from water 
to a plant or animal 

soil bulk density 

the ratio of bioaccumulation of a polychlorinated dibenzodioxin, dibenzofuran, or 
biphenyl COPC to the bioaccumulation of2,3,7,8-tetrachlorodibenzo-p-dioxin 

soil-to-plant uptake factor; uptake is through roots or root hairs 

breathing rate of standard man 

soil-to-plant uptake factor for aboveground plants, accounting for the uptake from soil 
and the subsequent transport of chemicals through the roots to the aboveground parts 
of a plant 

soil-to-plant uptake factor for chemicals in root vegetables, accounting for the uptake 
from soil to the belowground root vegetable or produce 

soil bioavailability factor 

biota-to-sediment accumulation factor for fish 

constituent air-to-plant biotransfer factor for aboveground plant 

total body weight of a receptor (adult or child) 

infant body weight 

USLE cover management factor 

concentration of a COPC or ROPC in the tissue of an animal receptor resulting from 
ingestion of contaminated soil, sediment, water, and food 

concentration of a COPC or ROPC in air resulting from WTP airborne emissions 
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C acute 

Css 

CDE 

CDE+D 
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Cforage 
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COPC 
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concentration of carbon-14 in the surrounding air 

concentration of tritium in the surrounding air 

one-hour acute air concentration 

concentration of a COPC or ROPC in aquatic plants resulting from uptake of WTP 
airborne emissions directly and from water 

bed sediment concentration 

committed dose equivalent 

committed dose equivalent for radionuclide i and its daughter products 

committed dose equivalent for radionuclide i 

dissolved-phase water concentration of constituent 

concentration of constituent in fish 

modeled concentration in forage 

modeled concentration in grain 

stack concentration of ;th identified nonvolatile COPC 

stack concentration of ;th identified semi volati le COPC 

stack concentration of ;th identified volatile COPC 

generic notation for the concentration of a COPC or ROPC in exposure media such as 
air, soi l, water and sediment 

concentration of constituent in mi lk fat of breast milk for a specific exposure scenario 
of a nursing mother 

chemical of potential concern 

concentration of a COPC or ROPC in plants resulting from uptake of WTP airborne 
emissions directly and from soil 

concentration of a COPC or ROPC in soil pore water resulting from deposition of 
WTP airborne emissions 

consumption rate of forage by a receptor ( quantity consumed per day) 

consumption rate of grain by a receptor (quantity consumed per day) 

consumption rate of animal product i 
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consumption rate of silage by a receptor ( quantity consumed per day) 

consumption rate of soil by a receptor ( quantity consumed per day) 

concentration in soil 

soil concentration at the 2 cm soil depth (untilled soil) 

soil concentration at the 15 cm soil depth (root zone) 

soil concentration at the 20 cm soil depth (tilled soil) 

constituent concentration in bed sediment 

Cancer Slope Factor: plausible upper-bound estimate (for chemicals) and central 
estimate (for radionuclides) of the probability of a cancer response per unit intake over 
a lifetime 

adjusted cancer slope factor for 2 cm depth 

dermal cancer slope factor 

radionuclide-specific food ingestion cancer slope factor 

constituent-specific external pathway cancer slope factor for pathway i 

radionuclide-specific oral (ingestion) pathway cancer slope factor for pathway i 

radionuclide-specific water ingestion cancer slope factor 

modeled concentration in silage 

modeled concentration in soi l 

maximum soil concentration; occurs at the time emissions cease 

concentration of a COPC or ROPC in terrestrial plants resulting from uptake of WTP 
airborne emissions directly and from soil and air 

concentration of carbon-14 in vegetation 

concentration of tritium in vegetation 

total constituent concentration in the water column 

total water body constituent concentration, including the water column and bed 
sediment 
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unitized yearly average air concentration from particles Cyp , from the air dispersion 
modeling, is stack-specific (subscript I for 1 micron particle size [Cyp 1] , subscript 2.5 
for 2.5 micron particle size [Cyp25]) 

unitized yearly average air concentration from vapor Cy v, from the air dispersion 
modeling, is stack-specific 

depth of the upper benthic sediment layer 

dose conversion factor, a multiplier used to convert the concentration of an ROPC in 
air, soil, or water to the external radiation dose absorbed by a receptor 

daily dose; the amount of a chemical taken in by an organism per unit body weight 
each day (mg/kg of receptor body weight per day) 

external dose from exposure to belowground soil 

external radiation dose from airborne ROPCs surrounding the receptor 

external radiation dose from ROPCs in sediment due to immersion in sediment and/or 
sediment/water interface 

external radiation dose from RO PCs in so il to a receptor that either is immersed in soi l 
or is on or near the surface of the soil 

external radiation dose from ROPCs in water; receptor either is immersed in water or 
is on or near the surface of the water 

internal radiation dose to a receptor due to the receptor's own tissue concentration of 
ROPCs 

external radiation dose from ROPCs in water to a receptor that is immersed in water 

external radiation dose from RO PCs in water to a receptor that is above but near the 
surface of the water 

factor for converting activity of radionuclide in soi 1 to external dose from exposure to 
aboveground from untilled soil 

factor for converting activity of the ROPC in air to external dose from air 

factor for converting activity of radionuclide in water to external dose from immersion 
water 

factor for converting activity of radionuclide in water to external dose from exposure 
near water, or due to surface water 

factor for converting activity of radionuclide in sediment/water interface to external 
dose from exposure to the sediment/water interface 
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factor for converting activity of radionuclide in sediment contact and immersion to 
external dose from exposure to the sediment 

factor for converting activity of radionuclide in sediment to external dose from 
exposure due to burial in sediment 

factor for converting activity of radionuclide in water to external dose from exposure 
to water 

dose limit of 0.1 rem (100 mrem) 

deposition term to soil 

average annual depth of the water column 

unitized yearly average dry deposition from particle phase from the air dispersion 
modeling, is stack-specific (subscript 1 for l micron particle size [Dydp 1], subscript 
2.5 for 2.5 micron particle size [Dydp2_5]) 

unitized yearly average dry deposition from vapor phase from the air dispersion 
modeling, is stack-specific (subscript 1 for 1 micron particle size [Dydv1], subscript 2.5 
for 2.5 micron particle size [Dydv25]) 

unitized yearly average wet deposition from particle phase from the air dispersion 
modeling, is stack-specific (subscript 1 for 1 micron particle size [Dywp1], subscript 
2.5 for 2.5 micron particle size [Dywp2.5]) 

unitized yearly average wet deposition from vapor phase from the air dispersion 
modeling, is stack-specific (subscript l for 1 micron particle size [Dywv1], subscript 
2.5 for 2.5 micron particle size [Dywv2.5]) 

average energy emitted as radiation (MeV per disintegration) x proportion of 
disintegrations producing radiation (MeV per disintegration) 

evapotranspiration 

Euler's number, exponential function (base of the natural logarithm, unitless), 
00 1 

e = '°' - :::::: 2.718282 ~ -, 
i=O l, 

exposure concentration of constituents through inhalation of emissions 

exposure concentration of constituents through inhalation in the sweat lodge 

exposure duration: time period (typically in years) over which a receptor is exposed 

infant exposure duration 
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Estimated Exposure Level: the mass of constituent per mass of media [communities] 
or mass daily dose constituent ingested per mass body weight-day [ class-specific 
guilds] of ecological receptors EEL is the same as the daily dose (DD) 

exposure frequency: number of days each year during which a receptor is exposed 

infant exposure exposure frequency 

ecological screening quotient: the ratio of the constituent estimated exposure level 
(EEL) and the toxicity reference value (TRV) An ESQ value in excess of one is 
indicative of a potential risk issue 

exposure time: number of hours per exposure event in which a receptor is exposed 

receptor-specific exposure time fraction indoors 

receptor-specific exposure time fraction outdoors 

fraction of ingested Constituent that is stored in fat 

fraction of mother's weight that is fat 

fraction of breast milk that is fat 

fraction of ingested constituent that is absorbed 

animal fraction; fraction of a receptor's diet that is animal or prey 

fraction of total water body constituent concentration in the benthic sediment 

food chain multiplier: A food chain multiplier is the ratio of a bioaccumulation factor 
to the bioconcentration factor A food chain multiplier is used to estimate the 
concentration of a chemical in a predator eating prey. Ratios of FCMs are used in 
wildlife exposure modeling for a predator to account for the increase in the 
concentration of a chemical as it moves from an animal to its predator 

fraction of ingested fish that is contaminated 

fraction of forage grown on contaminated soil and ingested by the animals 

fraction of grain grown on contaminated soil and ingested by domestic livestock 

fraction of ingested soil that is contaminated 

fraction of media i that is contaminated for a given exposure pathway 

decay probability of radionuclide i 

fraction of time receptor spends immersed in water 
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fish lipid content 

fraction of time receptor spends near or swimming on the surface of the water 

fraction of the dry mass of soil consisting of organic carbon, for example, particle­
bound, dissolved, or emulsified organic chemicals and decaying plant and animal 
material 

plant fraction: fraction of a receptor's diet that is plant 

fraction of time receptor spends at the sediment-water interface 

fraction of time receptor spends buried in sediment 

total organic emission factor for the nonvolatile fraction 

total organic emission factor for the volatile fraction 

total organic emission factor for the semi volatile fraction 

vapor partitioning coefficient: fraction of the constituent air concentration in vapor 
phase 

fraction of constituent wet deposition that adheres to plant surfaces 

fraction of the total water body constituent concentration in the water column 

grams per second 

biological half-life of COPC or effective half-life of RO PC 

biological half-life of ROPC 

hazard index for a specific exposure pathway 

hazard quotient 

home range: the area where an ecological receptor for breeding, hunting, and or 
grazmg 

radiological half-life ofROPC 

absolute humidity of the atmosphere 

irrigation 

intake of constituent through ingestion of produce 

intake of CO PCs from adult dermal absorption within the sweat lodge 
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intake of CO PCs from adult dermal absorption of condensate within the sweat lodge 

intake of COPCs from adult dennal absorption of vapors within the sweat lodge 

intake of constituents from drinking water 

intake of constituent from fish 

intake of constituent from animal product i 

intake of constituent via inhalation in the sweat lodge 

intake of constituent through inhalation of resuspended soil 

external exposure to radiation from ROPCs in air 

external exposure to radiation from RO PCs in soil 

intake of constituent due to soil ingestion 

incremental lifetime cancer risk 

incremental lifetime cancer risk from external pathways 

incremental lifetime cancer risk due to external exposure to radionuclides in air 

incremental lifetime cancer risk due to external pathways 

incremental lifetime cancer risk due to external exposure to radionuclides in soil 

incremental lifetime cancer risk from oral (ingestion) pathways 

inhalation rate 

daily food ingestion rate 

daily infant ingestion rate of breast milk 

daily water ingestion rate 

USLE erodibility factor 

bed sediment/sediment pore water partition coefficient 

soil-water partitioning coefficient 

suspended sediments/surface water partition coefficient 

Page xxix 



kp 

Kp 

ks 

kw1 

LADD 

LADD; 

LADDira 

LADDirs 

LADD0 

LotF 

LOAEL 

LRI 

LS 

24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

gas-phase transfer coefficient 

soil organic carbon-water partitioning coefficient (concentration of chemical in soil, 
expressed as soil carbon, relative to its solubility in water) 

octanol/water partitioning coefficient (ratio of the solute concentration in the water­
saturated octanol phase to the solute concentration in the octanol-saturated water 
phase) 

plant surface loss coefficient 

permeability constant 

overall soil loss constant due to all processes 

overall total water body constituent dissipation rate constant 

lifetime average daily dose For evaluating exposure to carcinogenic compounds, the 
intake is referred to as lifetime average daily dose 

lifetime average daily dose, or intake, h from dermal absorption of condensate and 
vapors within the sweat lodge 

lifetime average daily dose, or intake, I , of constituent via ingestion pathway i ( dermal 
absorption, external air and soil exposure) 

lifetime average daily dose, or intake, l ;,a, from radiation from ROPCs in air 

lifetime average daily dose to radiation from ROPCs in soil , f;, .s, from ROPCs in soil 

lifetime average daily dose, or intake, of constituent via ingestion 

lifetime average daily dose, or intake, of constituent via ingestion pathway i (water 
ingestion, food ingestion, and soil ingestion, as applicable) 

total (wet and dry) particle-phase and total (wet and dry) vapor-phase direct deposition 
load to water body 

vapor-phase dry deposition diffusion load to water body 

soil erosion load to the surface water body 

lowest observed adverse effect level 

runoff load from pervious surfaces 

runoff load from impervious surfaces 

USLE length-slope factor 
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total constituent load to the water body, including deposition, runoff, and erosion 

maternal intake of constituents from all adult exposures 

metabolism factor 

modifying factor 

molar weight of water 

number of samples in the data set 

no observed adverse effect level 

fraction of organic carbon in bottom sediment 

precipitation 

ratio of the total annual release time to the total annual time during which 
photosynthesis occurs 

concentration of constituent in aboveground plant due to direct (wet and dry) 
deposition 

concentration of total mercury in aboveground produce due to direct (wet and dry) 
deposition 

concentration of divalent mercury in aboveground produce due to direct (wet and dry) 
deposition 

concentration of methyl mercury in aboveground produce due to direct (wet and dry) 
deposition 

concentration of a constituent in grain that is ingested by a chicken 

particulate emiss ion factor 

USLE supporting pract ice factor 

concentration of a constituent in forage that is ingested by the wi Id game 

concentration of constituent in plant type i that is ingested by livestock or game 

concentration of constituent in aboveground plant due to root uptake 

concentration of constituent in belowground plant due to root uptake 

concentration of constituent in aboveground plant due to air-to-plant transfer 

concentration of total mercury in aboveground plant due to air-to-plant transfer 

Page xxxi 



P wildgrain 

Q 

QF 

QPJorage(deer) 

QPJorage(i) 

Qp grain(chicken) 

Qpgrain(i) 

Qpi(beef) 

Qp;(chicken) 

Qp;(milk) 

Qp;(pork) 

Qpsilage(i) 

Qssoil(beef) 

Qssoil(chicken) 

Q s soil(milk) 

Qs soil(pork) 

R 

r 

Pa 

RCF 

RF 

24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

concentration of divalent mercury in aboveground plant due to air-to-plant transfer 

concentration of methyl mercury in aboveground plant due to air-to-plant transfer 

concentration of a constituent in grain that is ingested by a wildfowl 

constituent-specific emission rate obtained from calcu lations after the air dispersion 
modeling 

quality factor: a factor that describes the relative biological activity (ie, quality) of 
alpha radiation compared to gamma radiation 

quantity of forage eaten by the wild game animals per day 

amount of forage eaten by animal product i per day 

quantity of grain eaten by the wildfowl per day 

amount of grain eaten by animal product i per day 

quantity of plant type i eaten by the beef cattle per day 

quantity of plant type i eaten by the chicken per day 

quantity of plant type i eaten by the dairy cattle per day 

quantity of plant type i eaten by the pork per day 

amount of silage eaten by animal product i per day 

quantity of soil ingested by the beef cattle per day 

quantity of soil ingested by the chicken per day 

quantity of soil ingested by the dairy cattle per day 

quantity of soil ingested by the pork per day 

ideal gas law constant, R = 0.08205746 L·atm/mol -°K 

radius of sweat lodge 

density of air 

root concentration factor: used to calculate the belowground transfer of a chemical 
from the soil to a root vegetable 

USLE rainfall (or erosivity) factor 

radionuclide-specific risk coefficient for morbidity for pathway i (external air) 
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reference concentration 

reference dose 

combined lifetime risk due to exposure to a specific mutagenic chemical via a specific 
exposure pathway or exposure media 

average annual surface runoff from pervious areas 

interception fraction of the edible portion of plant for aboveground produce 

density of liquid water at sweat lodge temperature 

estimate of standard deviation 

body surface area available for contact 

shielding factor 

soil (or sediment) fraction is the ratio of the soil (or sediment) ingestion rate to the sum 
of the plant and animal ingestion rates 

plant bioconcentration factor, used to calculate the transfer of a chemical from soi l to a 
soi l-dwelling plant 

student t-test value for data set 

the time at the start of exposure 

the time at the end of exposure 

time period over which deposition occurs (time period of WTP operation) 

the ratio of toxic ity of a polychlorinated dibenzodioxin, dibenzofuran, or bi phenyl 
COPC to the toxicity of2,3,7,8-tetrachlorodibenzo-p-dioxin or the ratio of toxicity of a 
polyaromatic hydrocarbon COPC to that ofbenzo(a)pyrene 

TOE factor: total organic emissions divided by the sum of the identified organics 

total nonvolatile organic emission 

total vo latile organic emission 

total semivolati le organic emission 

length of plant exposure to deposition per harvest of edible portion of plant for 
aboveground produce 

toxicity reference values: a threshold value used to characterize ecological risk based 
upon a hierarchy of toxicological data 
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temperature of the sweat lodge 

total suspended solids concentration 

water body temperature 

water body temperature 

current ve locity 

upper confidence limit 

uncertainty factor 

inhalation unit risk factor 

average annual volumetric flow rate through the water body 

empirical correction factor for the aboveground plant due to air-to-plant transfer 

empirical correction factor for belowground plants 

volume of water in the sweat lodge 

aquatic plant concentration factor, used to calculate the transfer of a chemical from 
surface water to an aquatic plant 

arithmetic mean (average) of stack gas concentrations 

site-specific and plant-type-specific yield or standing crop biomass of the edible 
portion of the plant for aboveground produce (productivity) 

soi l mixing zone depth (s = depth in centimeters) 

temperature correction factor 

bed sediment porosity 

soil volumetric water content 
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Executive Summary 

2 The purpose of this work plan is to provide the concepts, methods, and data to be used in an 
3 environmental risk assessment. The intent of this environmental risk assessment is to evaluate the human 
4 health and ecological risk from the potential airborne emissions. It is important that people and the 
5 environment are not harmed because potential exposures are overlooked or underestimated, but it is also 
6 important to maximize the ability of the facility to dispose of the tank waste and to protect against the 
7 potential leakage from these tanks into the nearby Hanford site soil, groundwater, and ultimately, the 
8 Columbia River. A balance of these goals will result from the interactive process of reviewing and 
9 improving this work plan and subsequent documents that will contain the actual environmental risk 

10 assessments. Indeed, each stage of this work will benefit from interactions with regulatory agencies, 
11 American Indian tribes, and the public to assure public health and to protect the environment. These 
12 interactions are expected to be in the form of questions and comments about methods and data, and other 
13 inputs. 
14 
15 Hanford tank wastes consist of approximately 54 million US gallons of highly radioactive and mixed 
16 dangerous wastes that are managed by the US Department of Energy. The wastes consist of solids 
17 (sludge), liquids (supernatant), and salt cake (dried salts that will dissolve in water to form supernatant). 
18 The term low-activity waste (LAW) generally refers to the supernatant portion, while high-level 
19 waste (HLW) usually refers to the solids. These wastes are stored in underground holding tanks and will 
20 be pumped to the WTP. At the WTP, wastes will be pretreated and immobilized using a technology 
21 called vitrification. Vitrification is a thermal process that converts the waste materials into durable glass. 
22 The vitrified wastes and secondary wastes resulting from the WTP processes will then be transferred to 
23 designated treatment, storage, or disposal units . The WTP is scheduled to be in operation for up to 
24 40 years. During the pretreatment and vitrification of the various types of wastes, some airborne 
25 emissions will be created. Various engineered devices will control the nature and amounts of these 
26 emissions, but there will still be material in the form of vapors and small particles that will be released via 
27 three tall stacks into the environment around the WTP. 
28 
29 Once the vapors and particulates leave the facility stacks, they will be carried by air currents and 
30 deposited on the surface of soil and vegetation around the WTP and on the surface of the Columbia River. 
31 An air-dispersion model named CALPUFF will be used to calculate how the emitted chemicals and 
32 radionuclides will be dispersed. Some of the material will enter terrestrial and aquatic food chains, and 
33 people and animals can ingest the food that contains small amounts of material from the emissions. The 
34 work plan contains details about these processes; pathways and exposures are defined in very explicit 
35 ways so that a complete and quantitative risk assessment can be conducted. The work plan presents a 
36 thorough explanation of these exposures via various pathways to a variety of receptors for over 
37 400 different chemicals and radionuclides. 
38 
39 The environmental risk assessment will define and evaluate risks, or the potential for harm, to human and 
40 ecological receptors within various distances from the WTP. For example, the air-dispersion model will 
41 model exposure depositions and concentrations within 50 kilometers of the WTP. The area within 
42 50 kilometers is predominantly located within Benton County in Washington State, and includes parts of 
43 Franklin, Grant, Yakima, and Kittitas counties. The Tri-Cities, composed of the cities of Richland, 
44 Kennewick, and Pasco, are adjacent to the southern edge of the Hanford Site. The Tri-Cities area 
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1 contains a population of approximately 220,000, the majority of whom reside between 30 kilometers and 
2 50 kilometers from the WTP Site (Census Bureau 2009 1

) . There are no permanent residents on the 
3 Hanford Site, but there are workers. American Indian tribes have treaty rights to resources on the 
4 Hanford Site, and the environmental risk assessment will evaluate potential risks from food gathering and 
5 social activities. A variety of ecological receptors inhabit the Hanford Site. They include terrestrial and 
6 aquatic plants (the basis of the food chains); terrestrial , aquatic, and sediment-dwelling animals; mammals 
7 and birds that eat the terrestrial and aquatic plants and animals; and aquatic biota in the Columbia River. 
8 Thus, Hanford Site-specific human and ecological receptors will be evaluated in the risk assessments. 
9 There will be two types of risk assessments: one focusing on humans (the human health risk assessment) 

10 and the other focusing on plants and animals in the environment (the ecological risk assessment). 
11 
12 The human health risk assessment includes four fundamental steps: (1) data evaluation, (2) exposure 
13 assessment, (3) toxicity assessment, and ( 4) risk characterization. These steps, as well as the collection of 
14 considerable amounts of data and associated estimation methods, are specified by the Washington State 
15 Department of Ecology and the US Environmental Protection Agency. The data evaluation step focuses 
16 on the selection of the chemicals and radionuclides of potential concern and the quantification of 
17 emissions; both of these are described fully in the work plan. Exposure assessment, the second step, deals 
18 with estimating the type, extent, and magnitude of potential exposures. The types of human receptors that 
19 will be used to calculate quantitative estimates of risk are also established at this step. These receptors are 
20 the following: worker, resident (both adult and child), resident subsistence farmer (both adult and child), 
21 resident subsistence fisher (both adult and child), American Indian subsistence resident (both adult and 
22 child), nursing infant of all adult receptors, and a person who has an acute or short-term exposure. The 
23 geographical locations where the people live and work and the exposure pathways are explained in the 
24 work plan. The third step is a toxicity assessment, which involves evaluating the potential of the various 
25 chemicals and radionuclides to cause adverse health effects in exposed individuals. The toxicity 
26 assessment will consider the potential cancer and noncancer effects associated with contaminant 
27 exposures. Risk characterization, the fourth step, involves evaluating the exposure and the toxicity 
28 information together to estimate the potential for various humans under various conditions to experience 
29 adverse effects (cancer and noncancer) as a result of being exposed to the media contaminated by 
30 emissions from the WTP. Risks are presented as potential incremental lifetime cancer risk, or noncancer 
31 hazard quotients and hazard indices. The information will be presented for each chemical and 
32 radionuclide, each pathway, each set of exposures, and each receptor. In tum, these risk values will be 
33 compared to risk thresholds. Thus, various comparisons will provide information in order to better 
34 understand and make decisions about the protection of human health. 
35 
36 The ecological risk assessment includes the same fundamental steps as the human health risk assessment, 
37 although the first step is called problem formulation instead of data evaluation. As described above for 
38 the human health risk assessment, these four steps follow a logical order, with additional methodical 
39 substeps. Just as is the case for human health risk methods and data, the methods and the data for the 
40 ecological risk assessment have been specified by regulatory agencies such as the Washington State 
41 Department of Ecology and the US Environmental Protection Agency. As in the case of human health, 
42 where Hanford Site-specific human receptors are being evaluated, Hanford Site-specific vegetation and 
43 animals are also being evaluated. These receptors are organized into two types according to the habitat 
44 type in which they live: (1) the land or terrestrial habitats around the WTP site, and (2) the aquatic 

1 Census Bureau. 2009. "Washington QuickLinks, Annual Estimates of the Res ident Population for Incorporated 
Places in Washington", listed alphabetically: April I , 2000 to July 1, 2008, release date July I, 2009, US Census 
Bureau, Systems Support Division. Available at http://quickfacts.census.gov/qfd/states/53000Lk.htrnl. 
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I habitats of the Columbia River. For the terrestrial habitats, the following receptors will be used to 
2 quantify potential risk: plants, soil invertebrates, herbivorous mammals and birds, omnivorous mammals 
3 and birds, and carnivorous mammals and birds. For the Columbia River, the following aquatic receptors 
4 will be used: plants, sediment-dwelling invertebrates, fish (including salmon) and other aquatic 
5 organisms, herbivorous waterfowl, shorebirds, and fish-eating mammals and birds. There is abundant 
6 information about the feeding habits of these organisms; there is also considerable toxicity data. A 
7 quantitative characterization will be provided for a variety of chemicals and radionuclides, assessing 
8 many pathways in a variety of geographical places and many exposures to a variety of ecological 
9 receptors. The ecological risk assessment calculates exposure and effects ratios . These ratios, called 

10 hazard quotients and hazard indices, are in turn compared to thresholds. This information will assist users 
11 in making informed decisions about the protection of the environment. 
12 
13 Various types and degrees of uncertainty are introduced into the human health and ecological risk 
14 assessments at every step of the process. This uncertainty occurs because risk assessment is a complex 
15 process, requiring integration of source information, estimates of fate and transport in variable 
16 environments, exposure assessment, and effects assessment. Uncertainty is inherent even when the most 
I 7 accurate, up-to-date, and appropriate models are used. Throughout the risk assessments , an effort is made 
18 to overestimate, rather than underestimate, the exposures and risks in order to compensate for these 
19 uncertainties. The work plan explains how an uncertainty assessment will be used to place the risk 
20 estimates in proper perspective to allow infonned risk management decisions. 
21 
22 ln summary, chemical and radionuclide contaminants present in underground tanks at the Hanford Site 
23 need to be retrieved and treated before they leak into the nearby soil and groundwater, and possibly into 
24 the Columbia River. The WTP processes to pretreat and vitrify the contents of underground tanks will 
25 help to solve this potential problem. Emissions are expected from these waste treatment processes, and 
26 this work plan shows the models and scientific data that will be used to characterize how separate 
27 chemicals and radionuclides may move through the air, soil, surface water, sediment, and food chains 
28 around the WTP in the Hanford Site environment. These airborne releases could potentially expose a 
29 variety of human and ecological receptors to chemicals and radionuclides. 
30 
31 This work plan will benefit from inputs from regulatory agencies, American Indian tribes, and the public. 
32 After inputs are incorporated, the work plan methods and data will be implemented. Computations wi ll 
33 follow, and risk predictions will be compared to appropriate thresholds. These findings will be put into 
34 proper perspective using an uncertainty assessment to allow fully informed risk management decisions. 
35 These decisions will focus on protecting human health, plants, and animals while operating the WTP 
36 successfully. 
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1 Introduction 

2 This risk assessment work plan (RA WP) presents the risk assessment protocol for evaluating potential 
3 risks to human health and ecological resources from the Hanfo rd Tank Waste Treatment and 
4 Immobilization Plant (WTP) at the Hanford Site. This RA WP is required to satisfy, in part, requirements 
5 established by condi tion III.1 0.C. l l of the WTP Dangerous Waste Permit (WA 7890008967, herein 
6 referred to as the DWP), as well as addressing provis ions in Washington Administrative Code (WAC) 
7 173-303-680 and appl icable Code of Federal Regulations (CFR) incorporated by reference. 
8 
9 The Hanford Site is located in southeastern Washington State, is owned by the US government, and is 

l O managed by the US Department of Energy (DOE), US Bureau of Land Management (BLM), US Fish and 
11 Wildlife Service (FWS), and Washington State Department of Fish and Wildli fe. The WTP will include 
12 two waste vitrification fac ili ties and a pretreatment faci lity, and wi ll be bui lt in the 200 East Area of the 
13 Hanford Site. 
14 
15 This work plan establ ishes the methods for conducting the screening-level risk assessment (SLRA) to 
16 esti mate potential risks to human health and ecological resources associated with airborne re leases resul ting 
17 from processing Hanfo rd tank waste into a stable, glassified fo rm. Airborne re leases are the only viable 
18 pathway fo r receptor exposure; therefore, the US Environmental Protection Agency (EPA) guidance fo r 
19 airborne releases is being used (see Section 2). Other releases, such as releases to water and non-dangerous 
20 solid waste disposal, are permi tted through appropriate regulatory programs. Throughout the risk 
2 1 assessment process, the intent is to provide data to help assess the potential impacts to people living or 
22 worki ng on or near the Hanford Site as well as for plants and animals. 
23 
24 The ri sk assessment, in conj unction with the other portions of the DWP will serve to: 
25 
26 • Establish operating conditions fo r the fac ili ties 

27 • Identify feed constituents that need to be controlled to stay below acceptable risk thresholds 

28 • Identify moni to ring of WTP components required to verify permit compliance 

29 
30 The limits and monitoring requirements es tab I ished as a resul t of the risk assessment process are not the 
3 1 only inputs required for contro l and operation of the WTP. Other inputs will include the fo llowing: 
32 
33 • Equ ipment control limits and monitoring established as a result of experience with operations fro m 
34 similar DOE vitrification fac il ities, including the West Valley Demonstration Project in West Valley, 
35 New York, and the Defense Waste Processing Facil ity at the Savannah River Site in Ai ken, South 
36 Carolina 

37 • Control limits and mon itoring recommendations of equipment vendors 

38 • Control limits and monitoring required by other permi ts, approva ls, and authorizations (e.g., air 
39 permits) 

40 
41 This RA WP conta ins a brief statement of the risk assessment approach (see Section 2) and a description 
42 of the WTP (see Section 3) . Sections 4 through 8 present the key components of the human health and 
43 ecological SLRA protocol, as noted below: 
44 
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1 Identification of constituents of potential concern • Section 4: 

2 Quantification of airborne emissions • Section 5: 

3 Modeling of the airborne emissions and other environmental pathways • Section 6: 

4 Screening human health risk assessment • Section 7: 

5 Screening ecological risk assessment • Section 8: 

6 
7 Section 9 presents the re lationship of the risk assessment to the WTP, including the process to establish 
8 risk-based emissions limits, if needed. Section 10 describes how uncertainty will be handled in the 
9 SLRA. References are provided in Section 11 and are followed by four supplemental reports providing 

10 details of the constituents of potential concern (Supplement I), detai ls of the emissions estimate 
11 (Supplement 2), details of the WTP process cell emissions (Supplement 3), and chemical-specific 
12 physical/chemical and toxicity data for human health and ecological resources (Supplement 4). The fifth 
13 supplement (Supplement 5) provides information on air dispersion modeling. The public, American 
14 Indian tribes, and regulatory agencies are being invited to comment on this work plan and on subsequent 
15 documents to obtain their input to the decision-making process. 
16 
17 1.1 References 

18 WAC 173-303-680. Miscellaneous units , Washington Administrative Code, effective 01 January 2005. 

19 WA7890008967. Hanford Facility Resource Conservation and Recovery Act (RCRA) Permit, Dangerous 
20 Waste Portion for the Treatment, Storage, and Disposal of Dangerous Waste, Part III, Operating Unit JO, 
21 (Waste Treatment and immobilization Plant) . 
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2 Risk Assessment Approach 

2 This section describes the overall SLRA scope and approach (shown in Figure 2-1) that will be used to 
3 establish operating conditions for cold commissioning (nonradioactive waste testing) , as well as 
4 processing of mixed wastes at the WTP. 
5 
6 The primary regulatory guidance followed for this risk assessment is found in the Human Health Risk 
7 Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 2005) and the Screening-Level 
8 Ecological Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1999). 
9 

10 2.1 Scope of the Screening-Level Risk Assessment 

11 The SLRA will evaluate exposure and risks to potential human and ecological receptors within a 50-km 
12 radius of the WTP. Section 7 includes additional discussion of the human receptors, and Section 8 
13 provides additional detai Is of the ecological receptors. 
14 
15 The area within the 50-km radius of the WTP is located predominantly within Benton County in 
16 Washington State, with smaller portions located in Franklin, Grant, Yakima, and Kittitas counties. The 
17 Tri-Cities (i .e., the combined cities of Richland, Kennewick, and Pasco) are adjacent to the southern edge 
18 of the Hanford Site. The Tri-Cities area contains a population of approximately 220,000 (US Census 
19 2009), the majority of which reside between 30 km and 50 km from the WTP site. The population 
20 outside the Tri-Cities, but within 50 km of the WTP site, is sparse. There are no permanent residences on 
21 the Hanford Site. American Indian tribes have treaty rights to resources on the Hanford Site, and the 
22 SLRA includes potential risks from food gathering and other tribal-specific activities, as well as from 
23 . inhalation and external exposures to WTP emissions (for more information, see Section 7.1) . 
24 
25 A variety of ecological receptors inhabit the Hanford Site. They include terrestrial and aquatic plants; 
26 terrestrial, aquatic, and sediment-dwelling invertebrates; mammals and birds that eat terrestrial plants and 
27 animals; fish and other aquatic biota; and mammals and birds that eat fish and other aquatic biota. These 
28 ecological receptors are discussed in more detail in Section 8.1. 
29 
30 The SLRA (specifically, the pre-demonstration test risk assessment [PRA] and the final risk assessment 
31 [FRA]) will address the potential operating life of the WTP. The current WTP DWP (WA7890008967) 
32 covers projected operations of the WTP. The SLRA assumes that the facility will operate at maximum 
33 capacity for its entire design life ( 40 years from the start of the facility operations) . Risks from the waste 
34 in the Hanford double-shell tank system, as well as cumulative risks from the Hanford Site, are outside 
35 the scope of the SLRA. 
36 
37 2.2 Screening-Level Risk Assessment Process 

38 The major components of the SLRA process for airborne emissions are as follows (Figure 2-1): 
39 
40 • Work plan for the SLRA - This work plan is submitted to comply with conditions of the DWP. The 
41 work plan establishes the methods for the future implementation of the SLRA. The PRA and FRA 
42 are subparts of the SLRA, as described in this work plan. 
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1 • Pre-demonstration test risk assessment - The PRA will be performed before performance-
2 demonstration testing of the WTP. The PRA will estimate human health and ecological risk based on 
3 engineering estimates of emissions from WTP units. 

4 • Final risk assessment - The FRA will be conducted following collection of data from performance 
5 demonstration testing of WTP units. The FRA is conducted using an approach similar to the PRA. 
6 However, estimated emission rates will be supplemented with the results of the environmental 
7 performance demonstration tests. 

8 
9 Participants in the SLRA process are: 

IO 
11 • DOE 

12 • Washington State Department of Ecology (Ecology) 

13 • EPA, Re~on 10 

14 • Yakima Indian Nation (YN) 

15 • Confederated Tribes of the Umatilla Indian Reservation (CTUIR) 

16 • Nez Perce Tribe 

1 7 • Hanford Advisory Board (HAB) 

18 • The general public 

19 • Bechtel National, Inc. 

20 
21 All participants are welcome to make contributions to the development of this work plan. 
22 
23 The SLRA must serve several purposes, including (I) identifying any potential risks to human health or 
24 ecological resources that may result from emissions from the WTP; (2) providing the information 
25 necessary to determine what, if any, additional permit conditions are necessary for the operation of the 
26 WTP to be protective of human health and ecological resources; and (3) providing risk information to 
27 Ecology, EPA, DOE, American Indian tribes, and the public. For these reasons, the overall approach for 
28 the SLRA is to identify potential risks associated with both plausible and worst-case scenarios as defined 
29 in the following: 
30 
31 • The plausible exposure scenarios represent more realistic assumptions regarding the location of 
32 potential human and ecological receptors. The exposure scenarios reflect anticipated WTP operations 
33 and the continuation of current uses of the surrounding land and habitats, and make reasonable 
34 assumptions about future land uses while still using upper-bound estimates of exposure pathways and 
35 activity patterns. 

36 • The worst-case exposure scenarios represent worst-case assumptions regarding the location of human 
37 and ecological receptors, exposure pathways, and activity patterns (e.g., subsistence fishing) . The 
38 receptor locations used in the worst-case scenario are considered hypothetical , because assumed 
39 activities ( e.g., res idence, subsistence farming) do not currently occur in the worst-case Hanford Site 
40 locations nor are they expected. These hypothetical worst-case scenarios are discussed in the 
41 uncertainty assessment (Section I 0) . 

42 
43 The exposure scenarios are intended to provide a better understanding of the range of potential risks to a 
44 variety of human and ecological receptors representing conservative exposures at locations typica l of the 
45 Hanford Site area under a variety of land use conditions, both now and in the future. 
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1 Both the plausible and worst-case exposure scenarios will incorporate conservative assumptions regarding 
2 human and ecological exposures. This approach is consistent with the EPA Risk Characterization 
3 Program (EPA 1995), which directs the "use of several descriptors, rather than a single description, to 
4 enable the EPA to present a fuller picture of risk that corresponds to the range of different exposure 
5 conditions encountered by various individuals and populations." 
6 
7 The general technical process for the SLRA is provided in Figure 2-2. This process starts with the 
8 estimation of air concentration of various chemicals and radionuclides, moves to an estimation of airborne 
9 deposition, and continues to predictions of movement in soil , surface water, and food. Next, exposure to 

10 humans, plants, and animals will be estimated to complete the risk characterization. 
11 
12 Requirements and assumptions for the FRA will be influenced by the results of the PRA, as well as from 
13 data collected during environmental performance demonstration tests. The FRA will include estimated 
14 emissions based on engineering calculations (pretreatment system emissions and vapor-phase organic 
15 emissions from WTP process cells) and environmental performance demonstration tests for the low-
16 activity waste (LAW) and high-level waste (HL W) vitrification systems. Based on the results of the 
17 environmental performance demonstration tests, the FRA may involve running new models, modeling 
18 additional chemicals, or changing model parameters. Information that will require updating in the FRA, 
19 as specified in the DWP, will include: 
20 
21 • Toxicity data current at the time of the submittal 

22 • Compounds newly identified, or updated emissions-data from current waste characterization and 
23 emission testing 

24 • Air modeling updated to include stack-gas parameters based on most current emissions testing and 
25 current WTP unit design 

26 • Physical/transport properties of constituents current at the time of the submittal 

27 • Process description based on current WTP unit design 

28 • Emissions data and all supporting calculations based on current WTP unit design 

29 • Update of receptor locations based on land use or land use zoning changes, if any 

30 
31 The performance demonstration testing of melter units presents unique challenges that differ from 
32 incineration-type combustion units, which are used as a starting point for developing test plans. 
33 Comparisons are made between the systems used to control melter emissions and those used for flame 
34 combustion units, as well as comparisons to the quantities and concentrations of constituents of potential 
35 concern (COPC) fed to melter units to those of other, flame-type combustion units. For the performance 
36 demonstration test to be predictive of the melter-offgas system 's ability to control emissions and 
37 demonstrate that human health and environmental protection standards established by the SLRA are met, 
38 it will be necessary to take these differences into account. 
39 
40 The SLRA process is iterative. It includes review of the PRA findings and revision of risk assessment 
41 assumptions, WTP engineering design, and operation of the FRA. Results of the PRA and FRA will be 
42 used to confirm that the emissions from WTP do not pose an unacceptable risk to human health or the 
43 environment. If unacceptable risks are identified, they can be mitigated through operating limits. Input 
44 from Ecology, EPA, American Indian tribes , and the public will be included at each step of the process. 
45 The graphic description of the process provided in Figure 2-1 identifies points for this input. 
46 
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l The PRA modeling results will be used to formulate FRA approaches; thus, the PRA is an important first 
2 step and the primary emphasis of this work plan. 
3 
4 2.3 References 
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3 WTP Facility/Process Description 

2 Hanford tank waste consists of approximately 54 million US gallons of highly radioactive and mixed 
3 hazardous wastes stored in underground storage tanks at DOE's Hanford Site. The WTP is being 
4 constructed to treat mixed wastes from underground storage tanks. After the tank waste is received from 
5 the Hanford double-shell tank system, it will be pretreated and then immobilized using a process called 
6 vitrification. Vitrification is a thermal process that converts the waste materials into a durable glass. The 
7 vitrified wastes and secondary wastes resulting from the WTP processes will be transferred to permitted 
8 treatment, storage, or disposal units for disposition . Offgas generated by the pretreatment and 
9 vitrification processes will be treated in independent offgas treatment systems. This section provides an 

IO overview of the mixed waste treatment processes that will be used in the WTP. Readers should consult 
11 Chapter 4 of the Hanford Facility Resource Conservation and Recovery Act (RCRA) Permit, Part III, 
12 Operating Unit Group 10, (permit number WA 7890008967) for additional details on WTP engineering 
13 and waste treatment processes. 
14 
15 3.1 WTP Overview 

16 The WTP is located at the eastern end of the 200 East Area of the Hanford Site, near the former Grout 
17 Treatment Facility, 241-AP Tank Farm Complex, and Plutonium Uranium Extraction Plant. Figure 3-1 
18 shows the location of the WTP on the Hanford Site. 
19 
20 Waste from the Hanford double-shell tank system will be transferred to the WTP Pretreatment (PT) 
21 Facility. The tank waste consists of solids (sludge), liquids (supernatant), and saltcake (dried salts that 
22 will dissolve in water to form supernatant) . 
23 
24 The term low-activity waste (LAW) feed generally refers to the supernatant portion of Hanford's 
25 double-shell tank waste, although it can include high-level waste (HL W) solids. Hanford tank waste is 
26 from a variety of nuclear process facility sources. It historically has been managed as HL W. Since the 
27 Hanford project began, different chemical processes have been used to separate plutonium from spent fuel 
28 and targets received from many different nuc lear reactors. Many waste components were added to the 
29 tanks or blended together as part of an in-tank process. In addition, some of the wastes were later 
30 reprocessed, resulting in significant blending of the wastes. Evaporators were used to reduce the waste 
31 volume. Waste was also left in a waste tank at high temperature which impacts the minerals that formed 
32 from these wastes (Agnew and others 1997). 
33 
34 As a result of these previous waste processing activities, the tanks are filled with millions of gallons of 
35 waste as sludge, saltcake, and aqueous supernatant. Most of the saltcakes' contents are expected to be 
36 dissolved when the waste delivery processing occurs in the tank farms to prepare the waste for sluicing to 
37 WTP (Kirkbride and others 2007). The sludges consist primarily of oxides, hydroxides, or silicates of Al, 
38 Fe, Cr, Bi, Ni, U, Cd, Zr, and many more trace species and radionuclides (24590-101-TSA-W000-0004-
39 114-00021). The supernatants are primarily sodium salts ofNO3-, No2·, Off, co3·

2
, Al(OH)4", P04-

3
, 

40 so4·
2

, F, er, CrO4-
2

, along with potassium and other trace species (Kirkbride and others 2007). Both 
41 sludge and saltcake contain large amounts of oxalate (C2O/ ) and many other organics, including solvents 
42 and chelates (24590-WTP-RPT-RT-07-002). 
43 
44 A recent study investigated the feed composition estimate (called a feed vector) and grouped the feeds 
45 into 13 groups based on which element or elements in the feed, after WTP pretreatment, will limit the 
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1 waste concentration in immobilized HLW (IHLW) glass (24590-WTP-RPT-PE-07-001). The 13 groups 
2 are named as follows : 

aluminum low-leach 
aluminum high-leach 
chromium 
bismuth 
fluoride 

iron-aluminum 
phosphate 
iron 
zirconium-aluminum 
sodium 

calcium 
uramum 
sulfate 

3 In addition to these 13 groups, there is the LAW group, with low undissolved solids concentration, and 
4 the lead (Pb) group, that were impacting a single feed batch (24590-WTP-RPT-PE-07-001 ). 
5 
6 Figure 3-2 shows a layout of the WTP. Three main process buildings (PT Facility, HLW Facility, and 
7 LAW Facility) will contain most of the dangerous waste management operations and include major areas 
8 for pretreating and vitrifying (immobilizing) tank waste. The PT Facility will receive and pretreat the 
9 waste before vitrification. Two separate vitrification facilities will be used to immobilize the pretreated 

10 waste. The LAW Facility will immobilize the majority of the supernatant and dissolved saltcake from the 
11 Hanford tank waste. The HLW Facility will immobilize the HLW fraction of the Hanford tank waste. 
12 Other smaller support buildings will provide for storage or transfer of materials used in the treatment 
13 process and for storage of wastes. 
14 
15 Figure 3-3 provides a simplified diagram of the WTP processes. Mixed wastes from the double-shell tank 
16 system (shown in the lower left comer of the diagram) will be received and processed through the various 
17 WTP pretreatment operations (including feed evaporation, ultrafiltration, and ion exchange). The 
18 resultant pretreated wastes will, in tum, be fed to the LAW or HLW vitrification systems. The treatment 
19 of offgas from the pretreatment and vitrification processes will result in point-source emissions to the 
20 environment from each of the three processing facility stacks. In actuality, each facility stack is a bundle 
21 of individual flues (or pipes) from that facility that are supported together inside a structural steel lattice 
22 (see Figure 3-4) . The individual flues separately exhaust process and building ventilation from the 
23 facility. Figure 3-5 depicts the process flues that correspond to each of the three main process buildings. 
24 For example, the PT Facility has flues that exhaust the process and vessel ventilation system, the reverse 
25 flow diverter/pulse jet mixer system, and the process cell emissions. Additional nonprocess-related flues 
26 are not shown on Figure 3-5 because they do not contribute CO PCs or radionuclides of potential concern 
27 (ROPC) emissions to the environment. The nonprocess flues do, however, influence contaminant 
28 dispersion profiles by virtue of their effect upon parameters important to air dispersion modeling (e.g., gas 
29 flow rate, velocity, and temperature). Flue parameters relevant to air dispersion modeling are presented in 
30 Hariford Tank Waste Treatment and Immobilization Plant Risk Assessment Air Quality Modeling 
31 Protocol (24590-WTP-RPT-ENV-08-00 l ), Supplement 5 of this document. 
32 
33 3.2 Pretreatment Overview 

34 The LAW supernatant will be transferred to the WTP PT Facility as solutions that contain some 
35 undissolved solids (HLW waste or LAW-precipitated salts) . The HLW feed will be transferred as slurry 
36 to the WTP PT Facility. 
37 
38 Wastes having sodium molarity less than 5 will be received into the PT Facility and concentrated in the 
39 waste feed evaporator. Wastes having a sodium molarity greater than or equal to 5 will bypass the waste 
40 feed evaporator. Once the sodium molarity is acceptable for further processing ( either as-received or after 
41 evaporation), the waste will go through the following processes: 
42 
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I • LAW feeds will be blended with HL W feeds in an ultrafilter preparation tank. The ratio of LAW to 
2 HL W undissolved solids will be established to support the respective glass production rates. The 
3 blended HLW and LAW feed streams will undergo a filtration process that separates LAW liquid 
4 stream (permeate) from the slurry. The LAW penneate will then be processed through the ion 
5 exchange (IX) process discussed below. The concentrated solids s lurry will be caustic leached (if 
6 warranted), washed, and blended with cesi um concentrate from the IX and strontium/transuranic 
7 (TRU) solids from 90Sr/TRU precipitation (see below), before being transferred to the HLW Facility. 

8 • Some feeds wi ll contain organic complexants that cause the Sr and some TRU waste to remain in 
9 solution. This waste will undergo a 90Sr/TRU precipitation process before filtration . The filtration 

10 step will then separate the 90Sr/TRU sol ids, manganese oxide solids (a by-product from the 
11 precipitation process), and entrained solids from permeate (LAW stream). The 90Sr/TRU precipitate 
12 will be washed and stored for blending with HLW feed before HLW vitrification. The 90Sr/TRU 
13 precipitate (solids) will not be caustic leached. Fi ltration permeates are processed through the IX 
14 processes. 

15 • After filtration, the permeate will undergo IX to remove 137Cs. The 137Cs eluate will be concentrated 
16 by evaporation ; the concentrated eluate will then be blended with pretreated HLW solids before 
17 transfer to the HLW Facility. The last step in the pretreatment process is to concentrate the treated 
18 LAW liquid by evaporation before transferring the waste to the LAW Facility. 

19 
20 The PT Facility will also contain an offgas treatment system designed to abate emissions from the 
21 pretreatment processes. The off gas treatment system consists of several control devices: 
22 
23 • Caustic scrubber 

24 • High-efficiency mist eliminators (HEME) 

25 • Primary high-efficiency particulate air (HEPA) Filters 

26 • Secondary HEPA filters 

27 • Thermal catalytic oxidizer unit 

28 • After-cooler 

29 • Carbon bed adsorbers 

30 • Adsorber outlet filter 

3 l • Demisters 

32 • Electric heaters 

33 • Primary HEPA filters 

34 • Secondary HEPA filters 

3 5 • Exhaust fans 

36 • Stacks/exhaust flues 

37 

38 See the DWP, Chapter 4 for details . 
39 
40 Liquid effluents will be either recycled back into the fac ili ty or sent to the Hanford Site Liquid Effluent 
41 Retention Facility or 200 Area Effluent Treatment Facility. 
42 
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3.3 LAW Vitrification 

2 Treated supematants from the PT Facility will be transferred to the LAW Facility for processing. The 
3 LAW vitrification process will consist of two melter systems operated in parallel. Each melter system has 
4 a set of feed preparation vessels, a large-capacity joule-heated ceramic melter, and an offgas treatment 
5 system. The facility will also have a secondary offgas system shared by the two melter systems. The 
6 following description applies to each of the two LAW melter systems. 
7 
8 Pretreated LAW waste feeds will be received into one of two LAW concentrate receipt vessels inside the 
9 LAW Facility. Batches of concentrated LAW feed wi ll be transferred from these vesse ls to feed 

10 preparation vessels, where glass formers and sucrose will be added and blended to form a uniform batch 
11 of feed to the LAW melters. The slurry feed will be transferred to the melter feed vessels, where it is fed 
12 continuously to the LAW melters. 
13 
14 Each LAW melter is designed to nominally produce 15 metric tons per day of immobilized LAW (ILA W) 
15 glass and operate at an approximate temperature between 950 °C and 1150 °C. The feed will enter the 
16 melter from the top and form a cold cap above the me lt pool. Volatile components in the feed will be 
17 evaporated or decomposed, then drawn off through the melter offgas system. Nonvolatile components 
18 will react to fonn oxides or other compounds dissolved in the glass matrix. Bubblers will agitate the 
19 mixture to increase the glass production rate . An airlift system will pour the glass from the melter into 
20 stainless steel containers. 
21 
22 The LAW melter offgas system consists of the following control devices: 
23 
24 • Primary and secondary film coolers, one set for each melter 

25 • Submerged bed scrubbers (SBS) 

26 • Wet electrostatic precipitators (WESP) 

27 • Electric heaters 

28 • HEPA filters 

29 • Carbon adsorber 

30 • Se lective catalytic oxidizer 

31 • Selective catalytic reduction (SCR) unit 

32 • Heat exchanger 

33 • Caustic scrubber 

34 • Melter offgas exhausters 

35 • Stacks/exhaust flues 

36 
37 Each LAW melter system will have its own primary off gas equipment, including a film cooler, SBS, and 
38 WESP. Particulates and condensables, including entrained or volatilized radionuclides in the melter 
39 offgas stream, will be captured in the SBS and WESP. Condensables from the SBS and the WESP will 
40 be collected in the liquid effluent system and recycled to the treated LAW evaporator in the pretreatment 
41 facility . The primary off gas systems will join after the WESP and will be routed to the secondary off gas 
42 system. At this point, the LAW vessel vent header will join the offgas . The secondary off gas system will 
43 provide final filtration, remove mercury, destroy organics, reduce oxides of nitrogen (NOx), and remove 
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l halides. This will be done by using HEPA filters , a treated activated carbon bed, a thermal catalytic 
2 oxidizer, a se lective catalytic reducer, and a caustic scrubber. 
3 
4 See the DWP, Chapter 4 for details. 
5 
6 3.4 HL W Vitrification 

7 The HLW Facility will receive the pretreated HLW feed from the PT Facility. Treated HLW slurries and 
8 the LAW intermediate waste products (separated 90Sr/TRU and 137Cs) will make up the feed to the HLW 
9 Facility. The HLW vitrification process will consist of two joule-heated ceramic melters fed by 

IO independent feed and blending vessel trains, a dedicated offgas treatment system for each melter, and a 
l l common secondary effluent collection system. The HLW feed concentrate will be transferred from the 
12 PT Faci lity to one of two melter feed preparation vessels in the HLW Facility. The feed concentrate will 
13 be blended with glass-forming chemicals and sucrose, and then mixed to ensure a uniform mixture. The 
14 melter feed slurry will be transferred to the melter feed vessel , where it will be fed to a dedicated HLW 
15 melter. 
16 
17 Each of the two HL W melters is designed to operate at an approximate temperature between 950 °C and 
18 l l 50 °Cat nominal rates of3.0 to 3.75 metric tons per day of IHLW glass. Melter feed slurry will be 
19 introduced at the top of the melter and form a cold cap on the surface of the melt pool. Water and volatile 
20 components will evaporate or decompose and then be drawn off through the offgas system. Nonvolatile 
2 l components will react to form oxides, which wil l become part of the molten glass. Bubblers will agitate 
22 the mixture to increase the glass production rate . 

23 Each HLW melter will have dedicated primary and secondary offgas systems where the offgas from the 
24 melter will pass through a film cooler, SBS, WESP, HEMEs, and HEPA filters to remove particulates and 
25 radionuclides. The offgas will then pass through a secondary offgas system consisting of treated activated 
26 carbon, silver mordenite, thermal catalytic oxidation, and SCR. This secondary system will remove 
27 mercury and halides, destroy organics, and reduce NOx. 
28 
29 An airlift system inside the melter will pour mo lten HLW glass into stainless steel canisters. The filled 
30 canister will then be inspected, the glass samp led if necessary, and the canister sealed. The canisters from 
31 the two melters will be decontaminated by a nitric acid/cerium (HN03/Ce+4

) chemical milling process that 
32 dissolves a thin layer of the canister outer wall material. Canister decontamination waste effluents will be 
33 recycled to the PT Facility. 
34 
35 The purpose of the HLW primary offgas treatment system is to cool the melter offgas and to remove 
36 offgas aerosols and particulates generated by the melter and from the vesse l ventilation air. This 
3 7 treatment system consists of the following: 
38 
39 

40 

41 

42 

43 

44 

45 

• 
• 
• 
• 
• 
• 
• 

Film coolers 

SBSs 

SBS condensate receiver vessels 

WESPs 

HEMEs 

E lectric heaters 

HEP A filters 
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2 

3 

4 

5 

6 

7 

8 

9 

• 
• 
• 
• 
• 
• 
• 
• 

Activated-carbon columns 

Silver-mordenite columns 

Thermal catalytic organic oxidizers 

NOx SCR units 

Heat exchangers 

Booster fans 

Stack fans 

Stacks/exhaust flues 

10 See the DWP, Chapter 4 for detai ls. 
11 
12 3.5 Stacks and Flues 
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13 The PT, LAW, and HLW Facilities will each have separate stacks from which the treated emissions 
14 derived from process operations and other sources will be released to the environment. The stacks will 
15 house a bundle of individual emission units (flues) that are associated with their respective sources. Thus, 
16 each of the three facilities will have one stack only. Additional information regarding the individual flues 
17 and their corresponding offgas parameters (e.g., flow rate, velocity, and temperature) is included in 
18 Supplement 5. 
19 
20 In addition to the process offgas system, building ventilation systems will be incorporated into each of 
21 the processing plants. Treated bui lding ventilation systems will also be vented to the atmosphere through 
22 dedicated flues. Figure 3-5 presents a simplified graphic of the expected emission sources and the 
23 associated flues . Those flues whose emissions are estimated using the steady-state flowsheet model also 
24 include the unique stream identifiers (e.g., HOP-31) that are shown in Figure 3-3 and discussed further in 
25 Supplement 2. 
26 
27 The offgases associated with pretreatment processes will be exhausted through the PT Faci li ty stack via 
28 fl ues PT-S3 and PT-S4. Flue PT-S3 is used to discharge the PT offgas and vessel ventilation emissions, 
29 and PT-S4 is used to discharge PT pulse jet venti lation emissions . The emissions associated with 
30 potential leaks to processing cells will be discharged through a third flue within the PT stack identified as 
31 PT-S2. The treated offgases associated with LAW vitrification processes will be discharged through the 
32 LAW vitrification stack via flue LV-S3 . The emissions associated with leaks to the LAW vitrification 
33 process cells will be discharged through flue LV-S2. The treated offgases associated with the two HLW 
34 melter offgas streams will be discharged through the HLW Facility stack through flues HV-S3a and HV-
35 S3b, and the HLW pulse jet ventilation offgas stream will be discharged through flue HV-S4. The 
36 emissions associated with potential leaks to process cells wi ll be discharged through the HL W Facility 
3 7 stack via the HV-S2 flue . 
38 
39 3.6 Facility Control Philosophy 

40 This section presents an overall control philosophy for the WTP. The goal of the facility control 
41 philosophy is to satisfy the following criteria: 
42 
43 • Preservation of worker and public safety 

44 • Protection of the environment 
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1 • Preservation of equipment integrity 

2 • Assurance of product quality 

3 • Minimization of plant lifetime costs 

4 
5 The design, construction, and commissioning of the WTP are being conducted in a manner that is 
6 protective of employees , the public, and the environment. The process systems, piping, vessels, and 
7 equipment have been specifically designed to provide primary confinement of hazardous, radioactive, and 
8 chemical materials. The facility structures, along with their respective ventilation systems, will provide 
9 secondary confinement of airborne and liquid releases. The ventilation system will support confinement 

LO of airborne contamination within the building by directing the flow of air from areas of less contamination 
11 potential to areas of greater contamination potential. The ventilation system wi ll also filter the building 
12 exhaust air. 
13 
14 Diagnostics will be used to optimize throughput and reduce downtime. A plant information computer 
15 with data entry and reporting capabilities will be provided to process information needed for faci litating 
16 plant optimization. Provisions will be made for overview and scheduling information . 
17 
18 The confinement and shielding requirements, combined with the need to provide hazard iso lation and 
19 accessible areas for plant operation, have led to the building configuration of multiple cells and caves 
20 connected by transfer tunnels and shielded doors. This configuration provides a series of barriers 
2 1 enclosing the various zones, which are c lassified according to the contamination potentials. 
22 
23 Throughout the design phase, design reviews are conducted by multidiscipline teams to ensure safety and 
24 provide for feedback and improvement. The process systems, facility structure, and facil ity design ensure 
25 that WTP operations will be safe and protective of hwnan health and the environment. 
26 
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Figure 3-1 Location of the WTP on the Hanford Site 
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Figure 3-2 WTP Layout 
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Figure 3-3 
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Figure 3-5 WTP Stacks and Flues 
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4 Constituents of Potential Concern 

2 The Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 2005 , 
3 herein referred to as the HHRAP) recommends that the selection of CO PCs focus on compounds that 
4 (1) are likely to be emitted because of the presence of the compound or its precursors in the waste feed , 
5 (2) are potential products of incomplete combustion (PICs) , (3) are potentially toxic to humans, and/or 
6 ( 4) have a definite propensity for bioaccumulating or bioconcentrating in human and ecological food 
7 chains. The process for identifying COPCs is described in Supplement 1. 
8 
9 

10 
4.1 Identification of COPCs and ROPCs for the Quantitative Pre-demonstration Test 

Risk Assessment 

11 The COPCs and RO PCs identified in Supplement l include an extensive list of chemicals and 
12 radionuclides that are (1) potentially present in the waste to be processed or (2) potentially produced as 
13 PI Cs during the WTP processing of waste. The process of identifying of CO PCs and RO PCs for the 
14 PRA-selected chemicals is in accordance with the recommendations in the HHRAP. 
15 
16 Final COPCs and ROPCs carried through the quantitative risk assessment wi ll be all those COPCs and 
17 ROPCs for which: 
18 
19 • Appropriate physical/chemical parameters are available to quantitatively estimate potential emissions 
20 and fate and transport behavior of the constituent through the environment 

21 • Appropriate human health or ecological toxicity data are available to quantitatively evaluate potential 
22 effects of the constituent 

23 
24 Constituents not included in the quantitative risk assessment will be discussed qualitatively as part of the 
25 uncertainty assessment. 
26 
27 
28 

4.1.1 Identification of Organic and Inorganic CO PCs for Inclusion in the Quantitative 
PRA 

29 The list of organic COPCs consists of many categories of volatile and semi volatile organic compounds. 
30 EPA (1994) has identified several categories ofWTP COPCs (e.g., dioxins/furans , polycyclic aromatic 
31 hydrocarbons [PAHs] , polychlorinated biphenyls [PCBs] , phthalates, other chlorinated organics, and 
32 nitroaromatics) as having the highest potential to cause increased risk to human health from chronic 
33 exposure. The organic and inorganic COPCs that can be carried through the quantitative risk evaluation 
34 is identified in Supplement 4. Note the data available are continually changing. Therefore, the PRA and 
35 FRA will update this information. 
36 
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I This list of inorganic COPCs includes the most stable form of the 11 chemicals listed below, also 
2 evaluated as ROPCs : 
3 

4 

antimony 

barium 

cadmium 

cobalt 

nickel 

selenium 

strontium 

tin 

uramum 

yttrium 

z1rcornum 

5 The PRA and FRA will evaluate the chemical toxicity (i.e., not associated with radioactivity) as wel l as 
6 the effect of the radioactivity for these constituents. 
7 

8 4.1.2 Identification of RO PCs for Inclusion in the Quantitative PRA 

9 The preliminary RO PCs were identified per the method described in Supplement 1. Supplement 4 
10 describes the available toxicity and physical/chemical data appropriate for evaluation of chronic human 
11 health , acute human health, and chronic ecological exposures to ROPCs. 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

29 
30 

4.2 Uncertainty in the COPC and ROPC Lists 

The identification of COPCs and ROPCs for the PRA is uncertain because these constituents are 
identified before operation of the WTP and must, therefore, rely on assumptions regarding what may be in 
the waste feed and what may be produced as PICs. Because test data co llected for the FRA 
environmental performance demonstration will be restrained by detection limits and variations in actual 
waste feed, the uncertainty will not be eliminated by these tests . 

In both the PRA and FRA, uncertainty is introduced into the risk assessment by CO PCs that cannot be 
carried through the quantitative assessment due to lack of toxicity data (all RO PCs have adequate toxicity 
data to be carried through the quantitative assessment). 

The fo llowing section briefly describes the sources of uncertainty in the identification of CO PCs and 
ROPCs for the PRA. Section 10 provides an overview of how these uncertainties will be evaluated, along 
with uncertainties in a ll other steps of the risk assessment. 

4.2.1 Uncertainty in Identification of COPCs and RO PCs for PRA 

Sources ofuncertainty in the identification of CO PCs and RO PCs include the following: 

31 • Uncertainty in the contents of waste feed from the double-shell tanks (DST) 

32 • Uncertainty in PICs that may be produced by the WTP, once operational 

33 
34 While a considerable amount of analytical data are ava ilable for the contents of the DSTs, the contents of 
35 all tanks have not been fully characterized. To compensate for deficits in the analytical data, the 
36 regulatory data quality objective (DQO) (Wiemers et. al. 1998) that was used as the basis for the COPC 
37 list incorporated constituents that could be present in the tanks, based on Hanford activities, even if those 
38 constituents have not been detected in analytical samples. 
39 

Page 4-2 



24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

1 Limited PIC data are available from bench and pilot-scale tests performed on surrogate waste. This 
2 surrogate waste was designed to represent the most difficult-to-destroy chemicals potentially present in 
3 the tank waste and, thus, to provide a conservative estimate of potential PICs. To maintain a conservative 
4 bias in the PRA, PICs identified by EPA (1998) as present in stack emissions from existing hazardous 
5 waste incinerators were included in the COPC list, along with WTP-specific PICs identified in the bench-
6 scale testing. The ROPCs are not produced as PICs. 
7 
8 4.2.2 Uncertainty in COPCs Not Included in the Quantitative Assessment 

9 Some COPCs identified as potentially present in the waste or as PICs cannot be carried through the 
IO quantitative risk assessment because appropriate toxicity data are not available to characterize their 
11 potential effects on human or ecological receptors. Constituents without toxicity information will not be 
12 included in the quantitative human health or ecological risk assessments. If these constituents are similar 
13 in toxicity and persistence to the constituents with toxicity data, the total risk or hazard would be 
14 underestimated approximately proportionately. Hazards would be underestimated by a factor 
15 proportional to the number of constituents without data divided by the total number of constituents. 
16 Similarly, for ecological receptors , if the toxicity and persistence of the constituents without toxicity data 
17 are similar to the toxicity and persistence of the constituents with toxicity data, the total hazard would be 
18 underestimated proportionally, according to the percentage of constituents without ecological toxicity 
19 data. Supplement 4 contains a tally of constituents with data and identifies the kind of data available. 
20 The PRA and FRA will address the uncertainty associated with COPCs without toxicity data. 
21 
22 4.3 Summary of Identification of CO PCs and RO PCs 

23 The list of COPCs and ROPCs selected for the PRA includes many more compounds than are expected in 
24 actual facility emissions. The list is long because assumptions were used to compensate for the 
25 uncertainty regarding the exact makeup of the waste and the lack of environmental performance 
26 demonstration data (it was assumed that all chemicals potentially present in the waste would be emitted 
27 along with all chemicals identified as PICs from any type of combustion unit) . The list of preliminary 
28 COPCs and ROPCs includes numerous chemicals (especially organic chemicals) that have never been 
29 detected in the tank waste. 
30 
3 I Supplement 1 documents the process used to identify preliminary CO PCs and ROPCs for the PRA. 
32 Supplement 4 summarizes the current availability of data to quantitatively evaluate the preliminary 
33 CO PCs and ROPCs . These tables also provide a list of the CO PCs and ROPCs that will be quantitatively 
34 evaluated in the PRA. The uncertainty assessment wi ll qualitatively address preliminary COPCs and 
35 ROPCs not quantitatively addressed in the PRA. 
36 
37 Supplement 4 identifies the human receptor groups and exposure pathways for which risks/hazards can be 
38 quantified for each COPC and ROPC (based on the availability of physical/chemical parameters for fate 
39 and transport modeling and toxicity data for evaluating effects on human health receptors). The human 
40 receptors identified in these tab les are as follows: 
41 
42 • Hanford site industrial worker 

43 • Residential receptors 

44 • Subsistence receptors 

45 • Nursing infant 

46 • Acute receptor 
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1 
2 Also, Supplement 4 identifies the ecological receptors for which hazards can be quantified for each COPC 
3 and ROPC. The ecological receptors identified in these tables are as follows : 
4 
5 • Terrestrial plants and invertebrates 

6 • Terrestrial mammals and birds 

7 • Aquatic biota, salmonids, and benthic invertebrates 

8 
9 The COPC and ROPC lists will be reevaluated for the FRA following completion of the environmental 

10 performance demonstration tests . This reevaluation will take into account any new information gathered 
11 during the PRA and performance demonstration tests and will include input and approval by Ecology and 
12 EPA. 
13 
14 4.4 References 

15 EPA. 1994. Draft Exposure Assessment Guidance for Resource Conservation and Recovery Act 
16 Hazardous Waste Combustion Facilities: Attachment, April 15, 1994, Table 1 - Chemicals 
17 Recommended for Identification and Table 2 - Chemicals for Potential Identification. US Environmental 
18 Protection Agency, Washington, DC. 

19 EPA. 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, 
20 Peer Review Draft, EP N 530/D-98/00 IB . US Environmental Protection Agency, Washington, DC. 

21 EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, 
22 Final , EPN530/R-05/006. US Environmental Protection Agency, Washington, DC. 

23 Wiemers KD, Lerchen ME, Miller M , and Meier K. 1998. Regulatory Data Quality Objectives 
24 Supporting Tank Waste Remediation System Privatization Project, PNNL-12040, Rev. 0. Pacific 
25 Northwest National Laboratory, Richland, Washington. 
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5 Estimation of Emissions 

2 The WTP is being designed to pretreat and vitrify radioactive mixed waste. A bounding estimate of stack 
3 emissions from the WTP has been developed to allow for numerical quantification of the human and 
4 ecological risks associated with airborne emissions. The emissions estimate individually considers 409 
5 organic, inorganic, and radionuclide constituents of potential concern that could result from processing 
6 Hanford tank waste through the WTP. This section provides an overview of the assumptions and 
7 methodology used to arrive at the WTP stack emission estimates. 
8 

9 5.1 Emissions Sources 

10 The SLRA considers potential emissions from the following sources: 
11 
12 Process Emissions. Process emissions are defined as chemicals and radionuclides released from the 
13 WTP plant stacks as a result of normal (i .e. , routine) operations. Emissions associated with waste 
14 processing are discussed in Section 5.2. 
15 
16 Process Upset Emissions. Process upset emissions are defined as chemicals and radionuclides released 
17 from the WTP stacks as a result of nonroutine operations (such as a process malfunction). Process-upset 
18 emission rates are assumed to be higher than normal process emission rates because the upset condition is 
19 assumed to result in decreased offgas treatment efficiency or increased formation of PI Cs. However, 
20 process-upset emissions are for a shorter duration. For the PRA, the conservative assumption that all 
21 upset conditions result in increased emission rates for short durations will be used. Process upset 
22 conditions are further described in Section 5.3. 
23 
24 Non-Steady State Operations Emissions. The WTP may have idle time and will have maintenance 
25 time. Changeout of HEPA filter media and replacement of catalysts are examples of maintenance 
26 activities . These non-steady-state operations are assumed to be bounded by the upset factor multipliers 
27 (see Section 5.3). 
28 
29 Fugitive Emissions. Fugitive emissions are defined as emissions of chemicals and radionuclides from 
30 non-stack sources. The WTP processing buildings that will manage the Hanford tank waste will be 
31 operated under negative pressure, and the air from the process buildings will be released to the 
32 atmosphere through one of the stacks or flues described in Section 3.5. Since the WTP will not have 
33 emissions that do not pass through a stack or flue , by definition, the fugitive emissions from the facility 
34 will be zero. However, the WTP emissions wi 11 consist of vapor phase organics that are assumed to be 
35 derived from valves and other ancillary equipment leaking in WTP process cells. These vapor-phase 
36 organic emissions are analogous to fugitive emissions in that the vapor-phase will be unabated by the 
37 HEPA filtration systems that control particulate emissions from process cells. Fugitive emissions and 
38 unabated organic emissions from process cells are further described in Section 5.4. 
39 
40 The SLRA will not consider emissions associated with accidental releases or with the retrieval and 
41 transfer of wastes from the Hanford DST system. Accident scenarios, such as the rupture of a tank or 
42 vessel line, are addressed in the hazards analysis and other nuclear and process safety documents . 
43 Emissions associated with the transfers from the Hanford DST system are expected to be sufficiently 
44 bounded by the WTP process emissions estimates , as described in Section 5.5. 
45 
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5.2 Process Emissions 

2 The methods, assumptions, and resulting process emission rates are documented in 24590-WTP-RPT-PO-
3 03-008, Integrated Emissions Baseline Report for the Hanford Tank Waste Treatment and Immobilization 
4 Plant. This report is included as Supplement 2 to this work plan and is summarized below. 
5 
6 The process emissions estimate was developed using the WTP Project's baseline steady-state flowsheet 
7 model. The steady-state flowsheet tracks modeled constituents across the PT, LAW, and HLW Facilities, 
8 and provides a steady-state representation of process stream compositions at unit operation locations. The 
9 steady-state conditions provide an overall material and energy balance with time-averaged flow rates. 

10 The steady-state flowsheet allows for the use of simple equipment decontamination factors or more 
l l complex thermodynamic calculations to evaluate the modeled constituents of concern. Evaporator 
12 partitioning and organic vessel vent emissions were predicted from known liquid-phase concentrations 
13 using vapor-liquid equilibrium expressions. Henry 's Law constants were compiled for the organic 
14 vapor-liquid equilibrium calculations. 
15 
l 6 Decontamination factors are defined as the ratio of the constituent concentration going into a unit 
l 7 operation to the concentration of the constituent coming out of the unit operation. Decontamination 
18 factors for offgas treatment equipment vary from one constituent to another and are established based on 
19 the physical properties ofa constituent (e.g. , offgas phase), published literature, or available research and 
20 testing results . 
21 
22 Vapor phase and particle phase emissions are tracked in the emissions model. The offgas phase of a 
23 constituent is described by the variable Fv, which denotes the fraction of the ROPC or COPC air 
24 concentration in the vapor phase (EPA 2005). Particle phase constituents are defined as having an 
25 Fv < 0.05 (i.e., having a vapor concentration of less than 5 %). Vapor phase constituents have an Fv = I. 
26 A subset of organic CO PCs falls into the category of particle-bound (0.05 ~ Fv < 1 ). Particle-bound 
27 constituents have a portion of vapor condensed onto the particle surface. The emissions model separately 
28 tracks the vapor and particle fractions of particle-bound constituents. Section 6 provides additional 
29 discussion of constituent phase and how phase is handled in the air dispersion and risk modeling steps. A 
30 complete list of Fv values for COPCs and ROPCs is included in Supplement 4 of this work plan. 
31 
32 The steady-state flowsheet tracks the main constituents expected to have the greatest impact on the 
33 material and heat balance of the plant. The emission rates for CO PCs not analyzed directly in the 
34 steady-state flowsheet (with the exception of PICs) were estimated using the modeling output from a 
35 constituent that was in the steady-state flowsheet. The correlations of modeled and unmodeled 
36 constituents were based on constituents having similar physical properties, with an adjustment made for 
3 7 differing feed concentrations, if applicable. 
38 
39 The emission rates of PI Cs were estimated based on research and technology testing data from 
40 small-scale melter runs spiked with hazardous organic constituents at the Vitreous State Laboratory of the 
41 Catholic University of America. 
42 
43 Additional details on process emissions estimation, including the basis for feed composition, treatment 
44 efficiencies, the correlation of modeled and unmodeled constituents, and PIC emission rates are described 
45 in 24590-WTP-RPT-PO-03-008. 
46 
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5.2.1 Total Organic Emission Rate Correction 

2 The WTP emission COPCs and ROPCs inc lude the fo llowing categories: 
3 
4 1) COPCs and ROPCs identified as having potential to be present in Hanford tank waste 

5 2) COPCs identified by the EPA as potentially being emitted as PICs during thermal processing of 
6 organic materials 

7 3) COPCs detected as PICs during Research and Technology testing of proposed WTP vitrification 
8 melters 

9 
IO The organic emissions are determined by stack sampling during demonstration testing of the WTP HL W 
11 and LAW melters . Sampling and analytical methods that will be used during the demonstration testing 
12 will include those to detect volatile, semi-volatile, and non-volatile feed and PIC species. 
13 
14 Each of these sampling and analytical methods will be calibrated as appropriate to detect organic COPCs. 
15 In addition, CO PCs that are tentatively identified will be included as part of the known fraction and be 
16 quantified in the FRA. The CO PCs for which one of the methods is appropriate will be included at the 
17 achieved detection limit to provide quantification of the stack concentration of the COPC ( C;). The 
18 COPCs will be summed according to their classification as a volatile (Ct 0 e), semi-volatile (C/voe), or 
19 gravimetric ( C;GRA v) fractions . If a constituent is quantified and not included on the WTP COPC list, it 
20 wi ll also be added to the appropriate classification (Ct 0 e, C/voe, c ?RAv) to obtain a sum for each 
21 emission fraction . Constituents appropriate to the sampling/analytical methods that were not detected and 
22 are not included on the WTP COPC list will not be summed. 
23 
24 The total organic emis ion (TOE) factors Fr0 /

0 e, Fro/voe, Fro/RAV will be determined as described 
25 below. Each classification of COPC, non-detect (at the appropriate detection limit), tentatively identified 
26 compounds (TIC), and the detected constituent will be multiplied by the appropriate TOE factor. These 
27 calculated values will be used to assess risks in the FRA. 
28 
29 Only a limited number of organic compounds can be accurately identified and quantified using standard 
30 stack gas sampling and analysis methods. A portion of the emissions profile remains unaccounted for. 
31 The EPA deve loped the TOE test to account for unidentified organic compounds because existing 
32 methods did not fully determine the total mass of organics present in stack gas emissions. The TOE 
33 determination measures organ ic fractions for three boiling point ranges: (1) a volati le, field gas 
34 chromatograph fraction (boiling points less than 100 °C); (2) the semivolatile, total chromatographable 
35 organics fraction (boiling points from 100 °C to 300 °C) ; and (3) the non-volatile, gravimetric (GRAV) 
36 fraction (boi ling points greater than 300 °C). The TOE wi ll be measured during the performance 
37 demonstration tests and used in the FRA in conjunction with the identified organic compounds to 
38 calculate TOE factors that can then be used to quantitatively evaluate potential risks from the unidentified 
39 fractions of organic compounds in the stack gas. A separate TOE factor will be calculated using 
40 Equations 5-1 through 5-3 for each fraction. 
4 1 

42 
43 
44 
45 
46 
47 

where: 

F voe TO voe1._, C voe 
TOE = TOTAL £-j i 

F voe 
TOE 

0 voe 
T TOTAL 

TOE factor for the volatile fraction (unitless) 

Total volatile organic emission (milligrams per cubic meter [mg/m3
]) 

(Eq. 5-1) 

Page 5-3 



2 
3 
4 
5 
6 
7 

8 

9 

10 
11 
12 
13 
14 
15 

16 

17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

where: 

where: 

24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

Stack concentration of / h identified volatile COPC (mg/m3
) 

F svoc _ ,.,,0 svoc1._. c svoc 
TOE - 1 ' TOTAL "-i i (Eq 5-2) 

F svoc 
TOE 

'7'0 svoc 
1 ' TOTAL 

C /VOC 

F m/RAV 

TOmTALGRAV 

C;GRAV 

TOE factor for the semi volatile fraction (unitless) 

Total semivolatile organic emission (mg/m3
) 

Stack concentration of /h identified semi volatile COPC (mg/m3
) 

TOE factor for the nonvolati le fraction (unitless) 

Total nonvolatile organic emission (mg/m3
) 

Stack concentration of /h identified nonvolatile COPC (mg/m3
) 

(Eq 5-3) 

Using the assumption that the unknown portion of the emission is similar in toxicity and chemical 
properties to the known compounds, a risk wil l then be attributed to the unknown portion of the stack 
emission by multip lying the emissions rate of each identified compound by its fraction's TOE factor. The 
application of the TOE factors will be discussed in the FRA as an uncertainty that has potential to 
overestimate and underestimate risks, depending on whether fate and transport and/or toxicological data 
are available for the identified compounds. The TICs described in this section will be included in 
identified compound fractions for the purposes of determining the TOE factors . 

5.2.2 Estimating Emissions of Non detect CO PCs 

28 Nondetect COPCs and ROPCs will be managed as follows: 
29 
30 • If the compound is in the surrogate feed used during demonstration testing, it is assumed present at 
31 the detection limit 

32 • If the compound is on the COPC list and not detected, it is assumed present at one-half the detection 
33 limit 

34 • If the chemical is not on the COPC list, not a risk driver, and not detected in any of the test runs, 
35 assume the chemical is not present 

36 • If the chemical is a risk driver (P AHs, PCBs) and not found , assume it is present at the detection limit 

37 • If the chemical is detected in one run but not in others, assume the detected value and one-half the 
38 detection limit for the other runs 

39 
40 Whether a compound is detected will be based on the detection limits as described below for the 
41 non-isotope and isotope dilution methods. 
42 
43 The FRA will use the methodology recommended in HHRAP to quantify nondetects for COPCs analyzed 
44 with non-isotope dilution methods. A nondetect in this case would be a value below the reliable detection 
45 limit (RDL). The RDL is defined as 2.623 times the method detection limit (MDL). The MDL is defined 
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as the minimum concentration of a substance that can be measured (via non-isotope dilution methods) and 
reported with 99 % confidence that the analyte concentration is greater than 0. The MDL is determined 
from analysis of a sample in a specific matrix type containing the analyte, and is considered the lowest 
level at which a compound can be reliably detected. Procedures for determining an MDL are specified in 
40 CFR 136, Appendix B. 

The FRA will also follow the HHRAP recommendation that the "method-defined estimated detection 
limit (EDL)," as defined by SW-846 (EPA 1986), be used to quantify nondetects for COPCs analyzed 
with isotope dilution methods. The EDL is defined as a laboratory estimate of the concentration of a 
given analyte required to produce a gas chromatogram signal with a peak height of at least 2 .5 times the 
background signal level. 

5.2.3 Blank Corrections 

Blank samples are used as a quality control check and are intended to indicate whether contamination was 
introduced into a sample in the field while the samples were being either collected, transported to the 
laboratory, or prepared and analyzed. This helps ensure that the measured levels of target analytes are 
indeed from the vitrification system and not from prior contamination of the sampling train. Corrections 
to account for concentrations of compounds detected in blank samples will be applied only to metals , 
following procedures outlined in EPA Method 29, Determination of Metals Emissions from Stationary 
Sources ( 40 CFR 60) . No blank correction factors will be applied to the results from any other analytes . 
The rationale for this distinction is discussed below. 

The overall basis for not allowing blank correction of emissions data used in this risk assessment is the 
assumption that blank correction will reduce the accuracy of the determination and would represent a 
non-conservative uncertainty. Consequently, disallowing these blank corrections is a conservative 
assumption that is consistent with a screening-level risk assessment. This limits the use of blank data to 
providing the basis, if necessary, for retesting. The EPA stack sampling methods are not explicitly 
designed for generating data to be used in risk assessment. The fact that these methods may provide 
guidelines for blank correction of data does not automatically provide a facility assurance that blank 
correction will be allowed or if allowed that the extent of correction delineated in the method will be 
allowed. Also, caution must be practiced in applying blank results to correct or qualify sample results for 
any purpose, as blanks are provided in minimal quantities (e.g., one per test condition, or one per test) and 
therefore, are at best only qualitative indicators of the validity of a data set. 

The approach for blank correction described in 40 CFR 60, Method 29, is very detailed. (It is one of the 
few EPA methods that provides for subtraction of reagent blank values within the I imitations of the 
method specifications) . This is identical to the approach described in EPA SW-846, Method 0060, which 
was originally designed to meet the data needs for hazardous waste incinerators and boiler and industrial 
furnaces risk evaluations. As with all the emission testing, every reasonable effort to identify potential for 
contamination and to minimize that potential will be made. These efforts wi ll be taken into consideration, 
as well as the extent of any contamination, when determining the data to input into the risk assessment. 

5.2.4 Tentatively Identified Compounds 

44 The HHRAP guidance recommends identifying and quantifying as many non-target organic compounds 
45 as possible from the emission test results, regardless of the compounds ' toxicity. Identifying a large 
46 portion of the "unknown" peaks in a gas chromatogram leads to a more complete organics mass balance, 
47 and less uncertainty in the overall risk evaluation. The 30 largest TICs, for which the peaks are greater 
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than 10 % of the nearest internal standard, will be identified, quantified, and added to the list of detected 
compounds from the vitrification system. These compounds wi ll then be evaluated in the same manner as 
any other detected compound. The inclusion ofTICs quantitatively in the risk assessment will be 
discussed in the uncertainty section as having potential to overestimate and underestimate risks . 

5.2.5 Maximum Emissions Rate Correction 

To the greatest extent possible, emissions rates during the vitrification systems' performance 
demonstration testing wi ll be measured under what would be considered "worst-case" operating 
conditions. Reasonable maxi mum emissions rates wi ll be determined in accordance with current HHRAP 
guidance by using the maximum of the three emiss ion rates identified for each COPC or ROPC during a 
particular test condition, adjusted for process upsets. 

5.3 Process Upset Emissions 

14 Process upset conditions include periods of startup, shutdown, process malfunction (i .e. , the unit is 
15 operating outside the permitted operating conditions), or equipment failure. Periods when process 
16 equipment is being maintained or in an idle condition are also included. Process upset conditions are 
17 generally assumed to result in greater than normal stack emissions during the short period of the upset. 
18 However, EPA has indicated that upsets are not generally expected to significantly increase stack 
19 emissions over the li fetime of a facility (HHRAP). 
20 
2 1 The potential for increased emissions during upset events will be addressed through the application of 
22 upset factors. These upset factors, as described below, will be applied (i .e., adjustments will be made) to 
23 the estimated emissions that are environmentally modeled. These upset factors are based on the amount 
24 of time the facility is expected to operate in an upset condition and the estimated magnitude of stack 
25 emissions during upset relative to routine operating conditions. The preferred method for estimating this 
26 upset factor is through the use of data from existing faci lities that have operating conditions similar to the 
27 proposed WTP. The frequency and duration of upset events may be estimated based on the HHRAP: 
28 
29 • Data from continuous emissions monitoring systems that measure operating parameters such as stack 
30 carbon monoxide or oxygen 

31 • Data on combustion chamber, air pollution control system (APCS), or stack gas temperature 

32 • Ratio of automatic waste feed cut-off freq uency and duration to operating time 

33 • Variations in the APCS operating conditions 

34 
35 The potential magnitude of emissions during upset events may be estimated based on stack test data 
36 collected during upset conditions. 
37 
38 The EPA default upset factors represent worst-case conditions and will be used for the PRA. The EPA 
39 default upset factors are based on the data described above from operating hazardous waste combustion 
40 faci lities. The default upset factors are expected to over-predict upset emissions from the WTP for 
41 several reasons, including: 
42 
43 • Carbon monoxide is frequently used as an indicator of upset conditions, and automatic waste feed 
44 cut-offs are often triggered by increased stack gas concentrations of carbon monoxide. However, 
45 routine operations, such as adjusting waste feed or air intake rates, will cause brief spikes in carbon 
46 monoxide concentration. 
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1 • Test data used for these defaults is based on hazardous waste combustion facilities designed for the 
2 destruction of liquid or solid organic waste, or both. The technology and waste feed of the WTP 
3 melters are different and less subject to upset than these facilities. 

4 
5 The HHRAP default upset factors are 2.8 for organic chemicals and 1.45 for metals, calculated as shown 
6 below. 
7 
8 Organics. A default facility is assumed to operate under upset conditions 20 % of the time and stack 
9 emissions are assumed to be 10 times greater than normal during this time: 

10 
11 Upset Factor = (0.80) (I) + (0.20) ( 10) = 2.8 
12 
13 Metals. A default facility is assumed to operate under upset conditions 5 % of the time with stack 
14 emissions 10 times greater than normal during this time: 
15 
16 Upset Factor= (0.95) (1) + (0.05) (10) = 1.45 
17 
18 The EPA has not detennined a default upset factor for radionuclides. For the PRA, radionuclides are 
19 assumed to behave simi larly to metals, with an upset factor of 1.45. The same upset factors will be used 
20 for both the plausible and worst-case scenarios in the PRA and the FRA. 
21 
22 These default upset factors (2.8 for organics and 1.45 for inorganics and radionuclides) will be used for 
23 all vapor-phase emissions. An upset factor of one (1) will be used for all particle and particle-bound 
24 emissions, as described below. 
25 
26 The entire pretreatment and vitrification processes will be contained within buildings designed such that 
27 the only exits for air and emissions will be through one or more HEPA filters. When the process is 
28 operating normally, all air and emissions will pass through numerous air pollution control devices. 
29 However, even if the process experiences an upset condition or shuts down and all of the active pollution 
30 control devices operate poorly or fail completely, the only way for air and emissions to pass out of the 
31 facility will be through the HEPA filters. 
32 
33 The removal efficiency for a single stage of HEPA filtration is, by definition, 99 .97 % ( decontamination 
34 factor= 3333) for 0.3-µm particles. This decontamination factor applies to the efficiency of the HEPA 
35 filter material. According to the Nuclear Air Cleaning Handbook (DOE 2003), the theoretical removal 
36 efficiency for multi-stage HEPA filtration systems is 3333 11

, where n is the number of HEPA filter stages. 
37 
38 For the WTP, all multi-stage HEPA filter designs consist of two stages of filters in series . The theoretical 
39 maximum decontamination factor for two-stage designs would be 11 ,108,889. The Handbook 
40 (DOE 2003) states that for systems that adhere to the design, construction, testability, and maintainability 
41 of ASME N509, an appropriate multi-stage decontamination factor under normal operating conditions is 
42 3000°. The theoretical maximum decontamination factor under this method would equate to a 
43 decontamination factor of 9,000,000. 
44 
45 For conservatism, WTP has assumed that the decontamination factor of the first stage filter is 2000 and 
46 the decontamination factor of the second stage filter is 100. The two-stage HEPA filter decontamination 
4 7 factor for the WTP is, therefore, 2000 (1st stage) times 100 (2nd stage) = 200,000. 
48 
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1 Therefore, an upset factor of one (1) will be applied to the particulate and particulate-bound emissions 
2 estimates for organics, inorganics, and radionuclides because the HEPA filter removal efficiency used in 
3 the emissions estimate already includes an assumption of decreased removal efficiency due to upset 
4 conditions such as moisture in the filters. 
5 
6 

7 
8 
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5.4 Fugitive Emissions 

Fugitive emissions are defined as "emissions, which could not reasonably pass through a stack, chimney, vent, 
or other functionally equivalent opening" (WAC 173-400-030, General Regulations for Air Pollution 
Sources). The WTP process buildings that manage the Hanford tank waste will be operated under negative 
pressure, and the air from the process buildings will be re leased to the atmosphere through a stack or flue. 
Transfer lines between buildings that will contain Hanford tank waste will be double-wall pipe. Therefore, the 
WTP will not emit fugitive emissions. 

Building ventilation and process offgases will be treated by abatement systems that employ best-available 
control technology for criteria pollutants, radionuclides, and toxic air pollutants prior to release to the 
environment through a stack or flue . Organic compounds could be released into the process cells from 
ancillary equipment. These emissions will be treated by HEPA filters that will abate particulate or 
particle-bound organic compounds. Organic compounds existing in the vapor phase will not be captured 
by the HEPA filters. These organic emissions from process cells have been quantified for purposes of 
risk assessment. 

Organic emissions from process cells will be quantified by establishing the total organic emissions 
associated with ancillary equipment in process cells. This total includes particle, particle-bound, and 
vapor-phase contributions that are associated with ancillary equipment, such as valves, pump seals, 
compressor seals, and connectors. The methodology and emissions factors used to estimate releases from 
ancillary equipment are consistent with the EPA guidance document Protocol for Equipment Leak Emission 
Estimates (EPA 1995). After establishing the total organic emissions, the fraction of emissions considered 
to be particle or particle-bound in the offgas will be removed. The particle and particle-bound organic 
constituents will be captured by HEPA filtration systems in the process cell ventilation system where the 
concentration is reduced by a factor of200,000 (Supplement 2, 24590-WTP-RPT-PO-03-008) . The 
remaining vapor-phase organic fraction will be carried forward to the corresponding facility flue where the 
emission rates are considered in conjunction with other process emissions for risk assessment. 

A detailed discussion of the methods, calculations, and results associated with organic emissions from 
process cells is described in 24590-WTP-HAC-50-00001, Estimated Organic Emissions from Process 
Cells. This calculation is included as Supplement 3 to this work plan. 

5.5 Uncertainty in WTP Emissions Estimate 

Although there are uncertainties associated with the parameters used to arrive at estimated process 
emissions, these uncertainties have been recognized and managed through conservative assumptions 
applied throughout the emissions estimation process. For example, analytical uncertainty is associated 
with the organic, inorganic, and radionuclide characterization data that describes the waste feed streams to 
the WTP. To accommodate characterization uncertainties , the inorganic and radionuclide source terms 
are based upon the known concentrations for constituents in tanks that the WTP expects to process. 

Because less data are available for organics in the tank waste, conservatism has been applied with respect 
to the organic feed vector. For organic compounds, the emission estimate assumes that incoming organic 
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1 concentrations are elevated by applying a scalar such that uncertainty in the feed vector is compensated 
2 for and sufficiently bounded (24590-WTP-RPT-PO-03-008). The methodologies applied to assigning 
3 feed concentrations should ensure that the actual concentrations of organic, inorganic, and radionuclide 
4 constituents encountered during operations will be conservatively bounded by the emissions estimate 
5 assumptions. 
6 
7 The conservatism applied to the feed vector is also applied to the assignment of equipment 
8 decontamination factors. In cases where a particular treatment process has a range of achievable 
9 treatment efficiencies, the lower end of the range (which translates to the higher offgas emission rate) has 

10 been applied in the emissions estimate. The ranges of treatment efficiencies for individual treatment 
11 processes are derived from a variety of sources, including research and technology data, engineering 
12 studies, vendor literature, and regulatory guidance. For example, in establishing filtration removal 
13 efficiencies, the dual-HEPA filtration systems used in the WTP offgas treatment systems have an 
14 assumed decontamination factor of 200,000 for particle and particle-bound constituents in the off gas 
15 (24590-WTP-RPT-P0-03-008). This decontamination factor is consistent with the assumptions used 
16 across other Hanford pennitting applications and is considered conservative, even for particle sizes of 
17 0.3 µm, which are most likely to pass through HEPA filtration. 
18 
19 The WTP emissions estimate does not estimate the emissions that could result from retrieval of waste 
20 feed from the Hanford DSTs. Although these emissions are not included, the risks associated with 
21 retrieval of DST feeds will be sufficiently bounded for the following reasons: 
22 
23 • The WTP feed vector assumes receipt of the entire DST inventory, and has been developed to 
24 conservatively overestimate the constituent concentrations present in the tank contents. As described 
25 above, the organic feed vector scaled up expected feed concentrations to account for uncertainties in 
26 characterization information. 

27 • DST retrieval operations would be infrequent and, therefore, the assumed continuous 24 hours per 
28 day, 7 days per week, operation of WTP at 100 % efficiency would dominate any long-term risk 
29 calculations. Any acute risks associated with the DST retrieval are not expected to coincide with 
30 either the timing or location of acute risks estimated for the WTP due to temporal and spatial 
31 differences. 

32 • Entrainment losses of particle-bound constituents from the DST tank system would be comparable to 
33 the control in the WTP facility (i.e., both offgas discharge streams are controlled by HEPA filtration 
34 systems that provide a high removal efficiency for particulates). 

35 • Losses of all constituents are being assessed and controlled under regional air-permitting control 
36 authorities. 

37 Based on the above description, the uncertainties associated with not including the DST emissions are 
38 likely bounded by the WTP estimates. The DST transfers to the WTP will likely neither over- or 
39 under-estimate the risks. 
40 
41 5.6 References 
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6 Environmental Modeling 

2 Environmental modeling refers to several types of models used to simulate the route of chemicals 
3 and radionuclides from the stack toward human and ecological receptors. This section describes the 
4 environmental modeling approach for the WTP. Air dispersion modeling is discussed first (Section 6.1), 
5 followed by soil accumulation modeling (Section 6.2), surface water accumulation modeling (Section 
6 6.3), sediment accumulation modeling (Section 6.4), and terrestrial plant accumulation modeling (Section 
7 6.6). Modeling for other media (such as specific animals and fish) is briefly discussed in Section 6.7 
8 (more detailed information is provided in Sections 7 and 8, because these media are modeled slightly 
9 differently for human health and ecological risk). Uncertainties related to environmental modeling are 

10 discussed in Section 6.8. A summary of environmental modeling is presented in Section 6.9. 
11 
12 6.1 Air Dispersion Modeling 

13 Air dispersion modeling will be used to estimate the ambient air quality and deposition rates resulting 
14 from emissions of vapor, particle-bound, and particle-phase chemicals and radionuclides during 
15 operations of the WTP. This section provides details of the approach that will be used in this task. 
16 Specific air model settings are described in the Hanford Tank Waste Treatment and Immobilization Plant 
17 Risk Assessment Air Quality Modeling Protocol (24590-WTP-RPT-ENV-08-001, Supplement 5). 
18 
19 6.1.1 Model Selection 

20 The Industrial Source Complex Short Term Model, Version 3 (ISCST3) (EPA 1995, EPA 2002) was 
21 initially proposed to evaluate the air quality in the vicinity of the WTP. This model, preferred by the EPA 
22 (Guideline on Air Quality Models , 40 CFR 51 , Appendix W) 1, is generally considered a conservative 
23 model for applications such as the SLRA. The model uses emissions source data and hourly 
24 meteorological data to estimate ambient air concentrations and deposition rates of gases and particles at 
25 locations (receptors) of interest in the vicinity of the facility (EPA 2002). The ISCST3 is an Eulerian 
26 "plume" model that sends emissions out in a straight line from the emission source, in the direction of the 
27 wind at the time of release. The plume continues spreading out and traveling away from the emission 
28 source, becoming more and more dilute with distance. The use of this model was evaluated for 
29 application to the WTP. 
30 
31 After this initial evaluation, it was determined that the CALPUFF model, a Lagrangian "puff' model , 
32 would be more appropriate in this application. The EPA adopted CALPUFF as a guideline model and 
33 added it to 40 CFR Part 51, Appendix W (Federal Register, 15 April 2003), giving it equivalent status to 
34 the AERMOD model for long range transport. The air modeling regulation, 40 CFR 51, Appendix W, 
3 5 provides for case-by-case approvals for other uses of CAL PUFF, provided that it is demonstrated to be 
36 suitable. In addition, there are several advantages to using the CALPUFF modeling system (Version 5.6) 
37 for this application, which would result in a more realistic and representative characterization of the air 
38 quality: 
39 
40 • Gaussian puff dispersion formulation: Plumes are treated as a series of Gaussian puffs that move 
41 and disperse according to local conditions that vary in time and space. 

1 Note, ISCST3 has subsequently been replaced by AERMOD as the preferred model in 40 CFR 51 , Appendix W. 
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1 • Meteorology: Wind and other meteorological variables are allowed to vary in a three-dimensional 
2 space. 

3 • Wet- and dry-deposition mechanisms: Deposition processes are included for particle and vapor 
4 phase pollutants that depend on the characteristics of the pollutant, the surface geophysical 
5 parameters, and meteorological conditions; the model accounts for the mass of pollutant removed 
6 from the plume when deposition occurs. 

7 • Other improvements and refinements: The algorithms in CALPUFF have been designed to take 
8 advantage ofrecent improvements in scientific understanding of boundary layer meteorology, 
9 dispersion modeling, and chemistry. 

10 
11 The most significant advantage the CALPUFF modeling system provides, in comparison to other 
12 dispersion models (such as ISCST3) that use meteorological data from a single station, is a more realistic 
13 treatment of the wind field, including upper air data. The CALPUFF model gets the upper air data input 
14 from the Mesoscale Model, version 5 (commonly known as MM5). The MM5 model was run for 
15 Washington, Oregon, part of Idaho, and British Columbia by the University of Washington. MM5 is a 
16 prognostic model that produces gridded upper-air wind fie lds and is used as input into the CALPUFF 
17 model. "Gridded wind fields" indicates that the model provides wind speeds and direction at specific 
18 intervals ( 4 km) over the modeling region. The CALPUFF upper air input is much more comprehensive 
19 than simply using a single set of upper air data from one station. Also, note that rather than performing 
20 external calculations of the mixing height and providing these results as input into the model (when using 
21 ISCST3), CALPUFF handles those calculations internally, since it has a very comprehensive set of 
22 meteorological data as input. Surface wind regimes typically have complex, three-dimensional qualities 
23 that are significantly influenced by geophysical parameters, such as topography, so that a single-surface 
24 observation site is often not sufficient to accurately characterize the wind flow regime in a region. 
25 CALPUFF's three-dimensional wind field provides a more accurate representation of the wind flow 
26 influencing regional air quality impacts. The CALPUFF model releases the pollutant puffs into that 
27 three-dimensional wind field, which has varying wind flow patterns and accounts for complex terrain 
28 features , thereby producing a more realistic depiction of dispersion. 
29 
30 One of the unique characteristics of Hanford is that Battel le's Pacific Northwest National 
31 Laboratory (PNNL) operates the meteorological monitoring network in and around the Hanford site. 
32 There are 30 surface monitoring stations included in the network, which provides a comprehensive set of 
33 meteorological conditions throughout the Hanford site and in surrounding areas (8 stations are located 
34 outside the Hanford site boundary). Data from 26 of these stations will be included in the CALPUFF run 
35 to provide a very representative picture of surface meteorological conditions in the region around the 
36 WTP site. 
37 
38 All of the monitoring stations measure wind speed and direction at 10 m above ground level and 
39 temperature at 1 m above ground level. Other variables to be used in the modeling, including re lative 
40 humidity, dew-point temperature, barometric pressure, cloud cover, and ceiling height are only measured 
41 at the main Hanford Meteorological Station, which is located near the center of the Hanford site and 
42 approximately 5 miles west of the 200 East Area location where the WTP will be located. These 
43 supplemental data are expected to be representative of atmospheric conditions at the WTP. 
44 
45 The CALPUFF system consists of three main components: CALMET, CALPUFF, and CALPOST. The 
46 approved versions of the CALMET, CALPUFF, and CAL POST programs was used in this analysis and is 
47 supplemented by EPA ' s Risk Assessment Guidance for Superfimd (RAGS), Part A (EPA 1989), and 
48 RAGS Part B (EPA 1991) models for radionuclides. This model can handle a large number of sources 
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1 that could occur from a typical industrial source, including point sources (such as stacks) and area sources 
2 (such as fugitive emissions from an open area) . In the case of the WTP, there are no fugitive emissions, 
3 and CALPUFF is used exclusively for point source emissions. 
4 
5 The CALPUFF model is used to calculate ambient concentrations and wet and dry deposition rates for 
6 COPCs and ROPCs at pre-detennined exposure locations. The terrain elevation of each receptor is 
7 included in the model input. Terrain elevations are obtained from digitized maps of the Hanford Site for 
8 receptors located withi n the site or from US Geological Survey (USGS) digitized maps for receptors 
9 located outside of the site. 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

6.1.2 Detailed Discussion of CALPUFF Modeling 

The following sections present an overview of the components in the CALPUFF modeling system, the 
application of the CALPUFF model , and post-processing of CALPUFF results to determine air quality 
impacts. 

Sufficient data is available from a variety of sources to run the CALMET, CALPUFF, and CALPOST 
components. The CALMET module is used to combine various types of meteorological and geophysical 
data with the necessary control information into the particular fonnat required for use in the dispersion­
modeling component of the CALPUFF model. CALPOST is then used as a post-processing program to 
read the formatted output file generated by CALPUFF and summarize modeled results. The objective of 
this section is to describe the co llection, preparation, and application of all data necessary to run the 
CALPUFF modeling system. Hariford Tank Waste Treatment and Immobilization Plant Risk Assessment 
Air Quality Modeling Protocol (Supplement 5) discusses the model settings in detail; the discussion 
below provides background information and highlight model settings that were modified from default 
values, and subsequently validated through an independent assessment and comparison of model results 
to actual observed weather data (24590-CM-HC4-HKYM-0O00 1-01-00002). 

6.1.2.1 CALMET Modeling 

The CALMET model uses a grid system consisting of square horizontal cel ls (NXby NY) and vertical 
layers (NZ) to create a three-dimensional wind field over a specified domain area. To develop the wind 
field in the domain area, the model must start with an initial "guess" field. Several options are available 
for initializing the wind field, including a spatially uniform guess field or objective analysis of all 
available weather observations; however, use of output data from a gridded prognostic model (such as 
Pennsylvania State's Mesoscale Model 5 [MM5]) is preferred due to its ability to provide a spatially 
varying wind field and take into account geographic features influencing mesoscale wind patterns. Once 
defined, this initial wind field is adjusted objective ly using local geophysical data and surface 
meteorological observations. 

ln addition to MM5 data, the CALMET model incorporates a variety of other meteorological and 
geophysical datasets in developing the three-dimensional wind fields , including upper air, surface, 
precipitation, terrain , and land use data. Surface and upper air observations are used to refine the MM5 
predictions to account for local scale effects not resolved by the MM5 prognostic model. Inclusion of 
geophysical data further influences the development of the wind fields , especially in complex flow 
applications and light wind situations where terrain-induced flows dominate surface wind patterns. The 
CALMET model is used to combine MM5 simulation data with surface meteorological observations, 
upper air observations, and geophysical data into the format required by the dispersion-modeling 
component CALPUFF. 
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2 The fo llowing sections briefly discuss the preparation of the meteorological and geophysical datasets , as 
3 well as the application of the CALMET module. 
4 

5 6.1.2.2 Preparation of Data 

6 MMS Data. A five-year subset of the University of Washington's archived MM5 data, spanning 
7 1 January 2002 to 31 December 2006, was obtai ned and used in this modeling application. The data were 
8 processed using the CALMM5 module, which processes the MM5 data for direct input into the CALMET 
9 model. 

10 
11 Surface Data. Surface meteorological measurements are used in the construction of CALMET input 
12 files to supplement the MM5 wind data in defining the three-dimensional wind field. Hourly surface 
13 meteorological data was obtained for the 1 January 2002 to 31 December 2006 period from 26 of the 
14 30 stations comprising the Hanford Meteorological Monitoring Network. These stations cover a ll 
15 quadrants of the Hanford Site and provide a comprehensive set of representative surface wind data for the 
16 area. All of this data is used in developing the three-dimensional wind field for each hour of the fi ve-year 
17 modeling period. In addi tion, the main Hanford Meteorological Station, located near the center of the 
18 Hanford site, collects precipitation and cloud cover data that is used in the model. The stations are 
19 operated by Mission Support Alliance (MSA) on a continuous basis; MSA maintains a comprehensive 
20 quality assurance program to ensure the quali ty of the data collected in the Hanford Meteorological 
2 1 Monitoring Network. 
22 
23 Integration of MMS and Surface Data. The three-dimensional wind field model uses a combination of 
24 upper-level MM5 data and surface data to adequate ly describe wind conditions at plume height. Most 
25 surface data is collected from towers at heights of 10 m; the highest surface collection height is 124 m. 
26 
27 Geophysical Data. Land use and terrain data are both incorporated into the CALMET module to modify 
28 wind field projections and, subsequently, affect di spersion calculations in the CALPUFF model. Terrain 
29 height and land use data are obtained electronically from the USGS 's website 
30 (http://edcftp .cr.usgs. gov/pub/data/landcover/states/washington.nlcd.bin.gz, accessed 2010) and pre-
3 1 processed using the software provided in the CALPUFF modeling system. Terrain data is ava ilable for 
32 digital elevation model data with each file covering a l O (latitude) by IO (longitude) area corresponding to 
33 the east or west half of a 1 :250,000 (1 °-latitude by 2°-longitude) topographic map. The terrain dataset's 
34 resolution varies from 70 m to 90 m in North America, with an absolute accuracy of 130 m in the 
35 horizontal and 30 m in the vertical. 
36 
37 Land use data is also available from the USGS's website at the I :250,000-scale. Each land use file covers 
38 the full 1 ° (latitude) by 2° (longitude) area corresponding to a 1 :250,000-scale topographic map with 
39 approximately 200 m resolution. 
40 
41 6.1.2.3 CALMET Input Assumptions 

42 The CALMET program requires inputs regarding wind characteristics and the potential influence of land 
43 terrain on wind patterns. Assumptions regarding the validity or relative importance (i .e. , weight) of 
44 surface wind observations and upper air data must be programmed into CALMET to enable the model to 
45 predict conditions within a three-dimensional wind fie ld over a specified domain area. These parameters 
46 deal with the CALMET model 's treatment of surface and upper air wind data in developing the wind field 
4 7 (Table 6-1 ) . Supplement 5 provides additional detai l about specific model settings. 
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l 
2 BIAS. BIAS is the relative weight that is given to the vertically extrapolated surface wind observations 
3 versus the upper air data. The "initial guess wind field" developed by the CALMET model is computed 
4 as an inverse distance weighting of the surface and upper air observations, modified by the 
5 height-dependent bias factors (BIAS) . BIAS is a layer-dependent factor that modifies the weights of 
6 surface and upper air data. Negative BIAS reduces the weight of upper air observations 
7 (e.g., BIAS = -0. l reduces weight of upper air data by 10 %; BIAS = -1.0 reduces weight by 100 %). 
8 Positive BIAS reduces the weight of surface stations (e.g., BIAS = 0.2 reduces the weight of surface 
9 stations by 20 %; BIAS = 1 reduces their weight by 100 %). Zero BIAS leaves weights unchanged from 

10 the inverse distance weighting function. A value of BIAS must be entered for each vertical level being 
11 modeled. 
12 
13 For example, upper air observations may be given little weight within a local valley, where surface 
14 observations may better reflect wind flow patterns. Similarly, upper air observations may be given heavy 
15 weight above the valley, while the surface observations can be eliminated above the valley. BIAS may be 
16 important, because the model may have difficulty in overcoming a poorly defined initial guess wind field. 
17 BIAS is used to enable CALMET to compute more accurate and smooth transitions between wind vectors 
18 such that unrealistic wind conditions are not produced. CALMET BIAS will be set at O (default) to 
19 represent 9 vertical levels , ranging from the surface to 4000 rn. 
20 
21 IEXTRP. The vertical extrapolation of surface wind observations is provided through the variable 
22 IEXTRP. This option is used to calculate the winds at levels above the surface (typically wind speeds 
23 increase with height above the surface, and this must be taken into account). IEXTRP has four options: 
24 
25 

26 

27 

28 

29 

• IEXTRP = 1 

• IEXTRP = 2 

• IEXTRP = 3 

• IEXTRP = 4 

do not extrapolate the surface data 

extrapolate vertically using a power law equation 

extrapolate vertically using user-defined scaling factors 

extrapolate vertically using similarity theory 

30 IEXTRP will be set equal to 4. 
31 
32 Rl. Rl is a weighting parameter for the diagnostic wind field in the surface layer. This parameter 
33 controls the relative weighting of the first-guess wind field produced by the diagnostic wind field model 
34 and the surface layer observations. Rl is the distance from an observation station at which the 
35 observation and the first-guess wind field are equally weighted. 
36 
37 There is no default value provided for this parameter in the model guidance. RI will be set equal to 10. 
38 
39 R2. R2 is a weighting parameter for the diagnostic wind field in the layers aloft. This parameter controls 
40 the relative weighting of the first-guess wind field produced by the diagnostic wind field model and the 
41 upper air observations. R2 is the distance from an observation station at which the observation and the 
42 first-guess wind field are equally weighted. 
43 
44 There is no default value provided for this parameter in the model guidance. R2 will be set equal to 12. 
45 
46 RMAXl. An observation is excluded from interpolation if the distance from the observation station to a 
4 7 particular grid point exceeds a maximum radius of influence. RMAX l is the radius of influence over land 
48 in the surface layer (km). 
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2 This parameter should reflect the limiting influence of terrain features on the interpolation at the surface. 
3 Larger terrain features will tend to reduce RMAX 1, although no default value is given in the model 
4 guidance. RMAXl will be set equal to 12. 
5 
6 RMAX2. An observation is excluded from interpolation if the distance from the observation station to a 
7 particular grid point exceeds a maximum radius of influence. RMAX2 is the radius of influence over land 
8 in the layers aloft (km). 
9 

IO RMAX2 is generally larger than RMAX I because the effects of terrain decrease with height. RMAX2 
11 will be set equal to 12. 
12 
13 6.1.2.4 CALMET Application 

14 The first phase of this modeling analysis will involve the production of the three-dimensional 
15 meteorological fields to be used by the CALPUFF modeling system to characterize pollutant dispersion. 
16 The CALMET model is used to generate these wind fie lds, which are then input into the second module 
17 of the system, the dispersion model CALPUFF. A CALMET input file is developed to define all control 
18 information and coordinate all datasets necessary for a model run. CALMET is applied using the 
19 previously described datasets and the methods explained below. 
20 
21 The CALMET model will be run for a l 00 km by I 00 km grid with a I km grid mesh size and 9 vertical 
22 levels, ranging from the surface to 4000 m. The CALMET grid is centered in the middle of the Hanford 
23 site, near where the WTP facilities are to be built, so that the CALMET model grid extends approx imately 
24 50 km in all directions from the WTP facility (see Figure 6-1). 
25 
26 6.1.2.5 CALPUFF Modeling 

27 This section describes the preparation of the input data necessary for the second module of the CALPUFF 
28 system, the dispersion model CALPUFF. This data includes source characteristics, modeling options, and 
29 receptor locations. Air quality impacts of emissions from the proposed WTP at the Hanford site are 
30 estimated from CALPUFF model simulations using the year of CALMET-generated meteorological fields 
31 previously discussed. 
32 
33 Building wake effects can have a significant impact on the dispersion of emissions near a stack. The 
34 turbulence induced by buildings produces a phenomenon, known as building downwash, in which a stack 
35 plume can be brought downward toward the ground much sooner than if the buildings were not there, 
36 resulting in localized areas of elevated emission concentrations. The CALPUFF model has built-in 
3 7 algorithms to evaluate the potential for downwash. 
38 
39 6.1.2.6 CALPUFF Model Options 

40 The EPA has provided guidance for the operation of both the CALMET and CALPUFF models 
41 (Earth Tech Inc. 2000a, 2000b ). This guidance is used to determine the most appropriate model options 
42 and settings used for these models. Some of the key options proposed for this application of the 
43 CALPUFF model are as fo llows: 
44 
45 • Wind speed profile: Industrial Source Complex model - rural 

46 • Plume element modeled: puff 
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I • Pasquill -Gifford dispersion curves used with other default dispersion options 

2 • CALPUFF partial path treatment of terrain 

3 • Transitional plume rise, stack downwash, and partial plume penetration modeled 

4 • Default wet and dry deposition parameters for the particle and vapor deposition 

5 
6 The model will be run for six scenarios to determine the location of the maximum impacts, ensure that the 
7 grid is sufficiently extended to capture the worst-case depositions, and focus on areas of particular interest 
8 to the risk assessment: 
9 

IO • Point of maximum onsite impact (100 m receptor grid spacing), Figure 6-2 

11 • Downwind offsite impact area (500 m receptor grid spacing), Figure 6-3 

12 • In the vicinity of Gab le Mountain (500 m receptor grid spacing), Figure 6-4 

13 • Along the Columbia River (500 m receptor grid spacing), Figure 6-5 

14 • Hunter/Gatherer area along the site perimeter (current exposures, I km receptor grid spacing), 
15 Figure 6-6 

16 • Hunter/Gatherer area within the site interior (future exposures, 1 km receptor gri d spacing), 
17 Figure 6-7 

18 
19 6.1.3 Other Modeling Parameters 

20 This section discusses the modeling input parameters for the air dispersion and deposition modeling 
2 1 including emissions data, meteorological data, exposure locations, calculations of deposition rates, and 
22 model variable settings. 
23 
24 6.1.3.1 Emissions Source Information 

25 Identification of emission sources and quantification of emission rates for each specific COPC and ROPC 
26 are described in Section 5, Estimation of Emissions. Stack heights for the WTP have been established at 
27 about 200 feet (about 61 m) . Data required for model execution, such as stack diameters , stack gas flow 
28 velocities, and stack gas temperatures, is provided in Supplement 5. The data will be updated in the PRA. 
29 
30 Unit Emission Rates. The CALPUFF model is run with unitized (normalized) l.O g/s emission rates for 
31 both particles and vapors from each facility stack. The vapor and particle fractions of particle-bound 
32 constituents are modeled separately in CALPUFF. There is a linear relationship between the emissions 
33 rate from a single stack and the modeled impacts (air concentrations and deposition rates) at an individual 
34 location. Therefore, the modeled impact at that location, based on a unit emissions rate from a single 
35 stack, can simply be multiplied by the actual emissions rate of an individual COPC and ROPC to 
36 detennine the actual depositions. By using spreadsheets, the impacts from a specific stack can be 
37 determined for each COPC and ROPC at each location in the receptor grid. 
38 
39 Analysis of Multiple Flues. The current WTP design is based on nine flues contributing primarily to 
40 COPC and ROPC emiss ions, with an additional five exhaust flues that contribute primarily to stack flow 
41 rate. These flues are bundled together in their respective stacks in the PT, HL W, and LAW Facilities. In 
42 actuality, the facility stacks are structural steel lattices that support the individual flues for that facility . 
43 The PT stack contains the process vessel vent flue , the pulse jet vessel exhaust flue, and the C2, C3, and 
44 CS exhaust flues (facility venti lation). The HLW stack contains the HLW pulse jet vessel exhaust flue, 

Page 6-7 



24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

I two HLW melter flues, the IHLW storage area exhaust flue, and the C3 and CS exhaust flues (facility 
2 ventilation). The LAW stack contains the LAW melter off gas flue, and the C3 and CS exhaust flues 
3 (facility ventilation). The contribution of each flue (gas temperature, humidity, and flow rate) will be 
4 combined such that an "effective" stack for each facility can be modeled separately in the air dispersion 
5 modeling process (see WTP Stack Parameters and Flow [24590-WTP-HPC-M30T-00002]). 
6 
7 All air dispersion modeling infonnation (including but not limited to input files, meteorological data, and 
8 output files) will be provided in electronic format with the risk assessment reports. 
9 

10 6.1.3.2 Calculation of Deposition Rates 

11 The determination of deposition rates is an important input into the human health and ecological risk 
12 assessments being conducted for the WTP. The CALPUFF model wi ll be used to calculate both wet and 
13 dry deposition rates, in addition to ambient concentrations, at each exposure location. 
14 
15 Dry deposition occurs in the absence of precipitation; wet deposition is influenced by precipitation type 
16 and rate. The two types of deposition result from different physical processes and, therefore, must be 
17 considered separately. CALPUFF has algorithms built into the model to calculate these processes. 
18 CALPUFF requires the use of many parameters. The CALPUFF model was run using the Interagency 
19 Workgroup on Air Quality Modeling (IW AQM) Phase 2 recommendations, with minor exceptions. The 
20 WTP Project met with Ecology and EPA on August 15, 2007, to review model settings and assumptions. 
2 1 In a subsequent meeting, the WTP Project and Eco logy concurred with the proposal to remove the 
22 Rattlesnake Mountain meteorological station (Station 20) from the CALMET inputs (CCN 194345). 
23 Modeling was conducted using the settings agreed to during these meetings. This CALPUFF run will be 
24 updated with the latest flue and stack design parameters before running the risk assessment model runs 
25 (PRA and FRA). 

26 
27 Dry Deposition. The CALPUFF model calculates the deposition velocity from particle diameter, mass 
28 fraction , and particle density, which are the data input into the model for each particle size-fraction. The 
29 calculation of deposition velocities within the model includes the effects of Brownian motion, inertial 
30 impaction, and gravitational settl ing. Particularly for the larger particles, the key parameter governing the 
31 rate of dry deposition is the tenninal settling ve locity. The terminal sett ling velocity, in turn , is affected 
32 primarily by the particle size and density; large particles have the highest terminal ve locities (and, 
33 therefore , the highest deposition rates), and small particles have lower terminal veloc iti es. It is important 
34 to note that particles have a positive terminal settling velocity and, therefore, are subject to dry deposition. 
35 
36 Wet Deposition. The wet-deposition flux is calculated by using a scavenging ratio to model the wet 
3 7 removal of particles and gases in the atmosphere. The scavenging coefficient appears to depend on a 
38 complex combination of the characteristics of the COPC and ROPC (such as solubility and reactivity for 
39 gases; size distribution for particles), as well as the nature of the precipitation (such as liquid or frozen). 
40 The input screens of the CALPUFF model have suggested scavenging coefficients for use in the model. 
41 
42 Scavenging Coefficient for Wet Deposition. An empirical scavenging coefficient approach is used in 
43 CALPUFF to compute the plume depletion and wet deposition fluxes due to precipitation scavenging. 
44 Generally, soluble species have higher values for scavenging coefficients than insoluble species. 
45 
46 This parameter may be of only limited importance at Hanford because of the small number of wet 
47 scavenging events that occur in the area on an annual basis. Scavenging coefficients for wet deposition 
48 are presented in Table 6-1. 
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2 Deposition Rate Calculations. The COPC and ROPC emissions can occur in either the vapor or particle 
3 phase, and COPCs and ROPCs in both phases are subject to wet and dry deposition . Particle size is a 
4 primary influence on the calculation of both dry and wet deposition ofCOPCs and ROPCs in the particle 
5 phase. Therefore, distribution of particle sizes in the stack emissions at the WTP is an important input 
6 parameter in the model for determining deposition rates. Particles released from the HEPA filters based 
7 on the HEPA design are projected to be no greater than 0.3 microns. Particles around 1 micron (and less) 
8 are expected to have a very low terminal velocity and are effectively suspended in air, indicating particles 
9 passing through the HEPA filters (0.3 microns) will behave similarly. A single particle size of I micron 

10 will be assumed to be representative for all pure particles released from the stacks because of the use of 
11 HEPA filtration. In addition, a particle size of 2.5 microns will be modeled to represent the transport of 
12 particle-bound constituents. With regard to partitioning of particle-bound constituents, the particle size in 
13 the desert environment would dominate any particle size from the stack. Particle-bound constituents 
14 would disassociate from particulates in the stack gas, and reassociate with the natural airborne particulates 
15 in the local environment (see CCN 194345). This approach to air dispersion modeling is premised by the 
16 following assumptions: 
17 
18 • There is sufficient 2.5 micron ambient particles to accommodate the estimated release of particle-
19 bound constituents (for adsorption and transport purposes) 

20 • The pure particulates released from the stack do not have a predisposition to agglomerate into larger 
21 particles as suggested for particle-bound constituents ( constituents with Fv ~ 0.05 are treated as 
22 particulates - modeled as 1 micron) 

23 • The vapor phase dispersion and deposition is not affected by the stack particle size 

24 
25 6.1.4 Model Output 

26 Modeled output is provided on a stack-by-stack basis for each air modeling receptor (node) evaluated. 
27 This information will provide the means to understand the relative risks of each source and helps facilitate 
28 the management of risks. The output will also identify applicable CALPUFF grids used to evaluate 
29 depositions across a particular area (such as a water body, Gable Mountain, or riparian area). The 
30 locations of the air modeling receptors used in the risk assessment are shown graphically with 
31 designations indicating whether the node represents an air concentration or deposition value. Complete 
32 files of all the air modeling projects (including input files and output files) will also be provided in run-
33 ready electronic format. 
34 
35 6.1.4.1 Chronic Output 

36 Chronic output from the WTP, to be evaluated in the risk assessment, will be based on the annual average 
37 ambient air concentrations and deposition rates for each COPC and ROPC at each exposure location, as 
38 calculated by the CALPUFF model. The annual average concentrations and deposition rates will be 
39 modeled for the period of 1 January 2002 to 31 December 2006 using the available MM5 and Hanford 
40 surface meteorological data. 
41 
42 6.1.4.2 Acute Output 

43 The acute output from the WTP, to be evaluated in the ri sk assessment, will be based on the highest 
44 one-hour average air concentrations, as required by EPA guidance (EPA 2005), for each COPC and 
45 ROPC at each exposure location, as calculated by the CALPUFF model. The use of one-hour average air 
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I concentrations is to support the analys is of worst-case acute effects in the risk assessment. An acute 
2 inhalation scenario is recommended by EPA (2005) because it is possible for a ir concentrations of CO PCs 
3 to significantly exceed the annual average concentration for a brief period of time and, thus, result in 
4 acute effects to receptor populations via inhalation. Because the acute effects are only due to direct 
5 inhalation, deposition rates are not important in determining the acute r isk. Concentrations in soil and 
6 other media reflect long-term deposition ofCOPCs and ROPCs. The long-term cumu lative concentration 
7 in these media will be greater than the concentration resulting from any single acute event. Therefore, the 
8 acute exposure scenario is only app licable to the inhalation pathway. 
9 

IO The highest one-hour average concentration wi ll be calculated for the worst-case hour (that is, the hour 
11 with the meteorological conditions that result in the highest concentration). Acute emissions estimates 
12 include process upset and fugitive emissions in addition to normal stack emissions as described in 
13 Section 5. Acute emissions-modeling does not include acc idental (i .e. , catastrophic) releases. Because 
14 the concentrations required to cause acute radiation effects due to external exposures would only result 
15 from an accident scenario, this event is not considered in the acute scenario. 
16 
17 6.1.4.3 Exposure Point Concentrations 

18 Exposure point concentrations (EPC) used for estimating doses of CO PCs and ROPCs depend on the 
19 location of the receptor exposure. The location of the various receptor populations identified for the 
20 quantitative risk assessment will correspond to the receptor exposure grids defined during air dispersion 
21 modeling. These receptor grids represent key locations on and off the Hanford site (see Section 7.1 .1) 
22 where a receptor is exposed to contaminates via a pathway specific to the receptor's exposure scenario. 
23 Emissions will be modeled separately for each WTP facility (PT, LAW, and HLW). The individual flues 
24 associated with each of the fac il ity stacks (which are in actuality structural steel lattices that support the 
25 individual flues for that facility) will be combined and modeled as three separate stacks. There are nine 
26 air model species poss ible from each facility stack: 
27 
28 • Un itized yearly a ir concentration from vapor phase, Cyv (in µg·s /g-m3

) 

29 • Un itized yearly air concentration from particle phase (modeled as 1 micron diameter particles) , Cyp1 

30 (in µg·s /g-m3
) 

3 I • Unitized yearly air concentration from particle phase (modeled as 2.5 micron diameter particles), 
32 Cyp25 (in µg·s /g·m3

) 

33 • Un itized yearly average dry deposition from vapor phase, Dydv (in s/m2·yr) 

34 • Unitized yearly average dry deposition from particle phase (modeled as I micron diameter particles) , 
35 Dydp1 (in s/ni2•yr) 

36 • Uniti zed yearly average dry deposition from particle phase (modeled as 2.5 micron diameter 
37 particles) , Dydp25 (in s/m2·yr) 

38 • Un itized yearly average wet deposition from vapor phase, Dywv (in s/in2•yr) 

39 • Unitized yearly average wet deposition from particle phase (modeled as 1 micron diameter particles), 
40 Dywp 1 (in s/m2·yr) 

41 • Unitized yearly average wet deposition from particle phase (modeled as 2.5 micron diameter 
42 particles), Dywp25 (in s/m2·yr) 

43 
44 Vapor and particulate transport, concentration, and deposition are modeled independent ly. As described 
45 in Section 6.1.3.2, vapors will be represented by their respective model species, particulates wi ll be 
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1 represented by the 1 micron particles, and particle-bound constituents wi ll be represented by 2.5 micron 
2 particles. Air concentrations and wet- and dry-deposition rates for particle-bound constituents are the 
3 sum of their respective vapor and particle fractions at a given location. As discussed in Section 5 .2, the 
4 vapor and particle fractions for particle-bound constituents are determined from a constituent 's unique Fv 
5 value. By multiplying the modeled vapor concentration or deposition value by Fv, the respective vapor 
6 portion of a particle-bound constituent concentration or deposition is estimated. Likewise, by multiplying 
7 the unitized 2.5 micron particle concentration or deposition value by 1-Fv, the respective particle-bound 
8 portion of the constituent concentration or deposition is estimated. The vapor and particle-bound portions 
9 of a particle-bound constituent are then summed to estimate the total constituent concentration or 

10 deposition. A complete list of Fv values for each COPC and ROPC is included in Supplement 4 of this 
11 work plan. 
12 
13 There are a total of 27 possible maximum concentration and deposition values for each receptor exposure 
14 grid (3 stacks, each with 3 vapor phases [ Cyv, Dydv, Dywv] and 3 particle phases, in either 1- or 
15 2.5-micron sizes [Cyp 1, Dydp1, Dywp1, Cyp25 , Dydp2 5, Dywp25]) for each year of the air model run. It is 
16 not practical to assume a receptor can be simultaneously living at up to 27 different points within a 
17 receptor exposure grid. Some degree of simplification is used to combine concentration and deposition 
18 values while still preserving conservatism in the derived EPC. 
19 
20 Data produced from the CALPUFF was evaluated for basic statistical quantities, distribution, outliers, and 
21 spatial distribution in order to determine an appropriate value for use as input to the WTP environmental 
22 risk assessment (24590-WTP-RPT-ENV-13-001 ). The results of this evaluation indicated a high degree 
23 of non-normality in the data distribution with multiple outliers. This is of particular concern in large 
24 receptor exposure grids where the probability of exposure at a single discrete location is less probable 
25 than at a smaller, localized receptor grid. As a result, it was concluded that the exposure point 
26 concentration values from the CALPUFF modeling for input to the environmental risk assessment should 
27 be the 90th percentile values for large grids, namely the offsite receptor grid. For smaller receptor grids 
28 (onsite maximum, Columbia River, and Gable Mountain) the maximum discrete values for air 
29 concentration and deposition (as applicable to the exposure scenario) are appropriate as a means of 
30 bounding exposures at those locations while simplifying data selection. For the very large hunter/gatherer 
31 areas (where average exposures are of concern) the distribution-free 95 % upper confidence limit of the 
32 median provides a sufficiently conservative estimate of air concentration and deposition. This approach 
33 ensures sufficient conservatism without misrepresenting potential exposures due to a highly improbable 
34 exposure to extreme deposition and air concentrations. 
35 
36 In summary, the following CALPOST results will serve as inputs to the risk assessment: 
37 
38 • Onsite maximum, Columbia River, and Gable Mountain receptor grids: maximum discrete air 
39 concentration and deposition values (as app licable to the exposure scenario, without regard to 
40 multiple locations) of all mode led species (all years/grid points) 

41 • Offsite receptor grid: 90th percentile of the air concentration and deposition values of all modeled 
42 species (all years/grid points) 

43 • Hunter/gatherer receptor grid: 95 % upper confidence limit of the median (distribution-free) of air 
44 concentration and deposition values of a ll modeled species (all years/grid points) 
45 
46 In order to determine the appropriate incremental cancer risk or toxic effect, each contaminant must be 
47 classified as either a carcinogen or noncarcinogen. For this risk assessment, a contaminant is classified as 
48 a carcinogen ifa cancer slope factor (CSF) is available or if the EPA classification is A, Bl, B2, or C (see 
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1 Section 7 .2.1 .1 for more detai ls on CSFs and the EPA classifications for contaminants; also, note that all 
2 RO PCs are class ified as carcinogens). A COPC is classified as a noncarcinogen if an oral or inhalation 
3 reference dose (RJD) is available (see Section 7.2.1 . 1 for more details on R.fDs) or ifno CSF or RjD is 
4 avai lable. Note that only COPCs have RjDs; ROPCs do not have RjDs (however, the stabl e isotope of 
5 ROPCs can have R.fDs and they are evaluated fo r both carcinogenic and noncarcinogenic effects). Some 
6 contaminants may be class ified as both a carcinogen and a noncarcinogen (if they have both a CSF and a 
7 RJD); in this case, both the carcinogenic and the noncarcinogenic will be used in the risk assessment. 
8 Once the EPC of a constituent has been computed, the corresponding receptor dose and health impacts are 
9 assessed as described in subsequent portions of this work plan. 

10 
11 6.2 Soil Accumulation Modeling 

12 Concentrations ofCOPCs and ROPCs in soi l w ill be estimated from deposition rates of vapor, and 
13 particle phases predicted by the air dispers ion modeling. The partic le and vapor fract ions of 
14 particle-bound constituents will be recombined at each deposition location and handled as a single, 
15 particle-bound constituent in the risk modeling steps. For the SLRA, deposition is assumed to occur for 
16 the potentia l operati ng li fespan of the fac ility (40 years). The COPC and ROPC concentrations in so il 
17 w ill be calculated for vapor, particle, and partic le-bound phases. The emiss ions report, included in 
18 Supplement 2 of this work plan, specifies the COPC and ROPC phases a long with the consti tuent-specific 
19 Fv parameter values. Both wet and dry deposition of particles, partic le-bound, and vapor constituents wi ll 
20 be considered in the soil modeling. 
2 1 
22 Various equations are used in the soil accumulation modeling. Some parameter va lues used in this 
23 modeling are functions of other parameters, which are functions of yet other parameters. To avo id 
24 confus ion, the primary equations fo r so il accumulation modeling appear in Section 6.2; 
25 supporting/intennedi ary equations appear in Appendix A. A cross-reference to these 
26 supporting/intermedi ary equations is presented in this section. 
27 
28 The EPA guidance (EPA 2005) for calculating emiss ions concentrations in soil includes terms that 
29 account for loss of CO PCs by several mechanisms, including: 
30 
3 1 • Degradation (b iotic and abiotic) 

32 • Leaching 

33 • Surface runoff 

34 • Volatilization 

35 • Soil eros ion 

36 
37 Although not mentioned in EPA guidance, radio logical decay for ROPCs is comparable to degradation 
38 for COPCs and is also considered as a so il loss mechanism in the soil modeling. Therefore, all five 
39 soil-loss mechanisms will be considered as poss ible soil-loss mechanisms in the calculation of so il 
40 concentrations. Equations to calculate the soi l loss mechanisms are located in Appendix A. 
41 
42 A number of soil loss parameters are dependent on the available water, calculated as (P+I-RO-Ev), which 
43 is related to precipitation (P) , irrigation(/) , surface runoff (RO) , and evapotranspiration (Ev) in the 
44 Hanford site area. Climate in the region results in greater evapotranspiration than precipitation 
45 (DOE 1997) . Some areas are irrigated; however, the high evapotranspiration and scarce water resources 
46 minimize the potentia l for runoff due to excess ive irrigation. Therefore, neither natural precipitation nor 
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I irrigation provides adequate water to generate surface runoff, and these processes should have a 
2 negligible effect on the concentration ofCOPCs and ROPCs in soil. 
3 
4 All six soil-loss mechanisms are possible, with varying degrees of influence on the soil modeling. 
5 However, based on the discussion above on avai lable water, the calculation of so il concentrations is likely 
6 to include soil loss due to degradation (biotic and abiotic), radiological decay, leaching, and volatil ization. 
7 The calculation of soil concentrations is not likely to include soil loss due to surface runoff and soi l 
8 erosion. For completeness, the equations presented below and in Appendix A wi ll include all six soi l-loss 
9 mechanisms. 

10 
11 Because some of the soi l loss mechanisms are calculated with depth-specific parameters, the total soil loss 
12 across all soil loss mechanisms shown above is depth-specific. For this risk assessment, soil 
13 concentrations are determined for three specific soil depths: tilled soil , untilled soil, and root zone soil. 
14 
15 The tilled soi l condition assumes that deposited emissions are mixed to a ti lled depth of 20 cm for plants 
16 grown in domestic scenarios (for example, produce grown by a farmer and grain and silage grown for 
17 consumption by domestic animals). 
18 
19 The untilled soi l condition assumes emissions are deposited on the top 2 cm of soil and stay there (i .e., no 
20 mixing occurs). Untilled soil concentrations are used to calculate direct exposure to soil (such as 
21 ingestion) by human and ecological receptors, but the untilled soi l depth of 2 cm is considered too 
22 shallow to estimate plant concentrations for consumption by human and ecological receptors (i.e ., no 
23 plant concentrations are modeled from the untilled soil concentrations). 
24 
25 The root-zone soi l depth is where deposited emissions are assumed to be mixed to a root-zone depth of 
26 15 cm for exposure of invertebrates and wild plants collected by American Indian receptors and forage 
27 ingested by domestic and wild animals. Use of root zone soi l concentrations for these pathways is 
28 conservative because: 
29 
30 • Mixing will occur naturally as a result of plant roots and digging by worms, insects, and larger 
31 animals. 

32 • Plant roots and soil invertebrates will exist below 2 cm and, therefore, be exposed to clean soi l below 
33 this depth. 

34 
35 For this risk assessment, the time period over which deposition may occur (denoted as tD) is 40 years. 
36 This represents the time period of WTP operation, during which emissions and consequential deposition 
37 occur. For soil modeling, the time period at the beginning of the WTP operation is from Oto 40 years. 
38 Receptor exposures are assumed to occur from year T, (when the receptor arrives at the exposure 
39 location) to T2 (when the receptor departs from the exposure location) . Receptors that arrive at the 
40 exposure location before WTP shutdown (T, < tD) are considered part of the current exposure scenario. 
41 Receptors that arrive at the exposure location at the time of or subsequent to WTP shutdown (T, 2: tD) are 
42 considered part of the future exposure scenario. 
43 
44 As with EPC estimation, in order to apply the appropriate equation for soi l modeling, each contaminant 
45 must be classified as either a carcinogen or noncarcinogen . This is because the exposure or dose 
46 averaging time differs depending upon whether the constituent toxicity values are based on average doses 
47 (i.e., incidence of cancer) or threshold doses (i .e. , health degradation such as nervous system damage) . 
48 The effective soil concentration used for computing receptor dose is a function of the receptor averaging 
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1 time, so constituent carcinogenicity is a necessary consideration in soil concentration modeling. Some 
2 contaminants may be classified as both a carcinogen and a noncarcinogen (if they have both a CSF and a 
3 RjD); in this case, both the carcinogenic soil model and the noncarcinogenic soil model will be used to 
4 estimate soil concentrations. Because carcinogenic risk is averaged over the lifetime of an individual 
5 (ATc), the soil concentration averaged over the exposure duration (represented by Cs) is used for dose 
6 assessment for carcinogenic compounds. Because the hazard quotient associated with noncarcinogenic 
7 constituents is based on a threshold dose rather than a lifetime exposure, the highest annual average soil 
8 concentration (Cs,0 ) occurring during the exposure duration period is used for dose assessment for 
9 noncarcinogenic constituents. Csw typically occurs at the end of the operating life of the emission source 

10 (EPA 2005). Note that because risks for noncarcinogens are based on a threshold dose, receptor exposure 
11 averaging time (ATN) is limited to the exposure duration (ED) . 
12 
13 Eight soil equations are provided below for the various scenarios encountered (i.e., the combinations of 
14 whether the contaminant is carcinogenic or noncarcinogenic, whether the soil loss constant [represented 
15 by the variable ks] is a positive value [meaning there is soil loss] or zero [meaning there is no soil loss] , 
16 and whether exposure occurs during or after the period of emission/deposition) . 
17 
18 The following equations are used for calculating soi l concentrations, depending on whether the COPC is 
19 carcinogenic or noncarcinogenic. Parameters for soil concentration equations are defined in text that 
20 follows each equation. Supporting equations are shown in Appendix A. The equations and parameters 
21 are from EPA's HHRAP. 
22 
23 To compute the soil concentration, the soil deposition term (Ds) must first be computed. The equation 
24 to calculate Ds is: 
25 

26 

27 

Ds= i ·.c:n · [Fv ·(Dydv + Dywv)+(Dydp+Dywp)·(l - Fj (Table B-1-1 in HHRAP) 

28 Where: 
29 
30 Ds 
31 

32 Q 
33 
34 
35 

36 
37 

38 Fv 
39 
40 
41 
42 
43 

44 Dydv 
45 
46 

s 

deposition term to soil (mg/kg-yr). Ds is constituent-specific, site-specific, and 
depth-specific. 

constituent-specific emission rate (g/s for COPCs, Ci/s for ROPCs) . Q, obtained from 
calculations after the air dispersion modeling (that is, the unitized emission rate of 
1 g/s or 1 Ci/s multiplied by the estimated COPC/ROPC specific emission rate), is 
constituent-specific, site-specific, and flue stack-specific . 

units conversion factor of 100 (mg·m2/kg·cm2
) for COPCs. For ROPCs, the 

conversion factor isl x 108 (pCi-m2/Ci-cm2
) 

fraction of COPC constituent air concentration in vapor phase (unitless). Fv is 
constituent-specific and ranges from Oto l , and is shown in Supplement 4. 
Constituents with a vapor fraction less than 0.05 are modeled as entirely particulate 
with an Fv value of0 (CCN 097844). When Fv is not available, it is empirically 
derived for most constituents (except metals and some mercury compounds) using 
Eqs. A-2-1 and A-2-2 (when appropriate) in the HHRAP. 

unitized yearly average dry deposition from vapor phase (shn 2-yr). Dy dv, from the air 
dispersion modeling, is site-specific and stack-specific . If no Dy dv value exists for a 
constituent, the model uses Dydv = 0 s/m2-yr. 
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unitized yearly average wet deposition from vapor phase (s/m2·yr). Dywv, from the air 
dispersion modeling, is site-specific and stack-specific. If no Dy wv value exists for a 
constituent, the model uses Dywv = 0 s/m2·yr. 

unitized yearly average dry deposition from particle phase (s/m2·yr) . Dydp, from the 
air dispersion modeling, is site-specific and stack-specific. If no Dydp value exists for 
a constituent, the model uses Dydp = 0 s/m2·yr. 

unitized yearly average wet deposition from particle phase (s/m2·yr). Dywp, from the 
air dispersion modeling, is site-specific and stack-specific. If no Dywp value exists for 
a constituent, the model uses Dywp = 0 s/m2·yr. 

soil mixing zone depth (cm) . Zs is site-specific. Three different values (depths) are 
used for Zs: untilled soil (2 cm), root-zone soil (15 cm), and tilled soil (20 cm). 

soil bulk density (g/cm3
). A site-specific value of 1.3 g/cm3 (Halvorson et al. 1998) 

is used. 

15 The soil term equation combines the unitized stack deposition rate with the mass flow rate of 
16 constituents from the stack and the quantity of soil to arrive at a time-dependent soil concentration . For 
17 constituents that undergo soil loss (ks > 0), this concentration is increasing due to continued stack 
18 deposition during WTP operations, while simultaneously decreasing due to soil loss . After WTP 
19 shutdown, constituent accumulation in the soil stops and the loss continues . The soil loss is an 
20 exponential function of the soil deposition term. In instances where there is no soi l loss (ks = 0), soil 
21 concentration is directly proportional to the rate of deposition and time, and reaches a maximum when 
22 deposition ceases (at time tD) . 
23 
24 As previously discussed, the hazard quotient associated with noncarcinogenic constituents is based on a 
25 threshold dose rather than a lifetime exposure. Per guidance in the HHRAP, the highest annual soil 
26 concentration ( Cs,0 ) occurring during the exposure duration period is used for dose assessment for 
27 noncarcinogenic constituents. For this to be the case, it is assumed that all receptors exposed in the 
28 current timeframe are present at time tD when soil accumulation is at a maximum. Likewise, it is 
29 assumed that all receptors exposed in the future timeframe are assumed to arrive at their respective 
30 exposure locations at time tD. 
31 
32 For noncarcinogenic constituents, when the soil loss is zero or unknown, current and future exposure 
33 scenarios are: 
34 
35 RJD > 0 

36 ks = 0 

3 7 Ti < tD or tD < T1 

38 
39 Cs 10 = Ds ·tD (modified Eq. 5- lB in HHRAP) 

40 
41 For noncarcinogenic constituents, when the soil loss is greater than zero, current and future exposure 
42 scenarios are as follows: 
43 
44 RJD > 0 

45 ks > 0 

46 T1 < tD or tD < T1 
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Ds · [1 - e<-ksrD) ] 
Cs D = --~---~ 

' ks 
(Eq. 5-lE in HHRAP) 

Cs,o 

Ds 

e 

maximum soil concentration; occurs at time tD (mg/kg soil). 

deposition term to soi l (mg/kg-yr). Ds is constituent-specific, site-specific, and 
depth-specific . 

overall soil loss constant due to all processes (y( 1
). 

the time at the start of exposure (yr). 

the time at the end of exposure (yr). 

time period over which deposition occurs (time period of WTP operation) (yr). A 
value of tD = 40 yr is used as the operating lifetime of the WTP. 

base of the natural logarithm (unitless). e = ~ _!_ ~ 2.718282 . L. ., 
i; O l . 

16 Because carcinogenic risk is averaged over the lifetime of an individual , the average soil concentration 
17 (represented by Cs) over the exposure duration (from T1 to T2) is used for dose assessment for 
18 carcinogenic compounds. Because soil concentrations may require many years to reach steady state, the 
19 equations used to calculate the average soil concentration over the period of receptor exposure are derived 
20 by integrating the instantaneous soil concentration equation over the period of receptor exposure and 
21 dividing the res ul t by the exposure period (refer to Appendix A). Furthermore, during the time period 
22 following the cessation of WTP emissions (e.g., future scenarios), soil concentrations decline gradually 
23 due to various soil loss mechanisms and may require many more years to reach steady state. Again, 
24 integrating the instantaneous soi l concentration equation over the period of exposure and dividing by the 
25 exposure period will yield an average exposure concentration for the receptor. Because the function for 
26 soi l concentration changes from accumulation to degradation when emissions cease, exposures before and 
27 after WTP shutdown must be d istinguished for carcinogens. 
28 
29 For carcinogenic constituents, when the soi l loss is zero or unknown, current exposures scenarios: 
30 
31 CSF > 0 

32 ks = 0 

33 T1 < T2 = tD 

34 

35 

36 

Cs = Ds · (tD + T; ) 
2 

(modified Eq. 5- l B in HHRAP) 

37 For carcinogenic constituents, when the soil loss is greater than zero, current exposures scenarios: 
38 
39 CSF > 0 

40 ks > 0 

41 T1 < T2 = tD 

42 

Page 6-16 



24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

Ds (( e-ks·
1
D J ( e-ks·T, JJ 

Cs= ks·(tD-T;)° tD+~ - I; +h (Eq. 5-lC in HHRAP) 

2 
3 For carcinogenic constituents, when the soil loss is zero or unknown, future exposures scenarios: 
4 
5 CSF > 0 

6 ks = 0 

7 T1 = tD < T2 

8 
9 

10 
Cs= Ds·tD (modified Eq. 5-1B in HHRAP) 

11 For carcinogenic constituents, when the soil loss is greater than zero, future exposures scenarios: 
12 
13 CSF > 0 

14 ks> 0 

15 T1 = tD < T2 

16 

17 

18 
19 
20 
21 

22 
23 
24 
25 
26 
27 

28 

29 
30 

31 

32 

where: 

Cs = Cs1D . (1- _e_-ks_(_r2 -_1n_) J 
ks · (T2 - tD) ks 

(modified Eq. 5-lC in HHRAP) 

Cs 

Cs10 

Ds 

e 

average soil concentration; maximum occurs at time tD (mg/kg soil or pCi/g) . 

soil concentration at time tD (Cs1n = Ds·(l-e-ks 1D)/ks), assuming no soil loss (mg 
COPC/kg soil). 

deposition term to soil (mg/kg-yr) . Ds is constituent-specific, site-specific, and 
depth-specific. 

overall soil loss constant due to all processes (yr-1
) . 

the time at the start of exposure (yr). 

the time at the end of exposure (yr) . 

time period over which depos ition occurs (time period of WTP operation) (yr) . A 
value of tD = 40 yr is used as the operating lifetime of the WTP. 

00 1 
base of the natural logarithm (unitless) . e =I - ~ 2.718282 . 

i=O i! 

33 If the exposure period spans the period of operation and a period of time subsequent to operations, the 
34 average soil concentration will include exposure to soil during WTP operations (the period of 
35 contaminant accumulation), and exposure to soil after WTP operation (during contaminant degradation) . 
36 

Page 6-17 



24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

l For carcinogenic constituents, when the soi l loss is zero or unknown, exposures spanning current and 
2 future scenarios: 
3 
4 CSF > 0 

5 ks = 0 

6 T1 < tD < T2 

7 

8 Ds ( 2 2) 
Cs = 2 . ( Tz _ I; )° 2 -T2 · tD - tD - I; (modified Eq. 5-1B in HHRAP) 

9 
IO For carcinogenic constituents, when the soi l loss is greater than zero, exposures spanning current and 
11 future scenarios: 
12 
13 CSF > 0 

14 ks > 0 

15 T, < tD < T2 

16 

17 

18 
19 where: 
20 
2 1 

22 
23 

24 
25 

26 
27 

28 

29 
30 

31 

32 

Cs= ( Ds t~-Cs,D H ~ }(i-e-• (,;-,oJ) 

(r2 -I;) 
(Eq. 5-1 D in HHRAP) 

Cs 

Cs,o 

Ds 

e 

average soi l concentration; maximum occurs at time tD (mg/kg so il or pCi/g). 

so il concentration at time tD (Cs,0 = Ds·(l-e-ks'0 )!ks), assuming no soil loss (mg/kg 
soil or pCi/g). 

deposition term to soil (mg/kg-yr) . Ds is constituent-specific, site-specific, and 
depth-specific . 

overall soil loss constant due to all processes (yr-1
). 

the time at the start of exposure (yr). 

the time at the end of exposure (yr). 

time period over which deposition occurs (time period of WTP operation) (yr). A 
value of tD = 40 yr is used as the operating lifetime of the WTP. 

base of the natural logarithm (unitless). e = f _!._ ~ 2.718282. 
i=O i! 

33 Figure 6-8 shows the exposure timing of the receptors discussed in Section 7 with respect to 
34 instantaneous and running average soi l concentration levels of a hypothetical COPC. The figure 
35 illustrates the conservative assumption regarding the timing of receptor exposures. The figure shows two 
36 examples of soil concentration (with and without so il loss) to illustrate the time dependence of soil 
37 concentrations relative to WTP operations. The figure shows the time of increase and subsequent leveling 
38 off of the instantaneous soil concentration used for noncarcinogen assessment, as represented by the blue 
39 line. No known soil loss occurs in this case so the concentration is represented by a straight line that 
40 reaches a maximum, CstD, at the cessation of operations with no post-operations losses. The green line 
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I illustrates the instantaneous soil concentration in the soil as deposition occurs simultaneous with soil loss, 
2 again with a maximum soil concentration at the end of operations. The figure also shows the average soil 
3 concentration (for example, carcinogen assessment) without and with soil loss occurring. The magenta 
4 line mimics the blue line, only it has half the magnitude because it represents an average concentration 
5 over time. The red line shows gradual accumulation of a contaminant in the soil as deposition occurs, 
6 with simultaneous soil loss, and post-operation so il loss. Because it represents an average exposure 
7 concentration from time = 0, its decrease after the cessation of operations is much more gradual than the 
8 instantaneous soil concentration (with loss) . As applied, the equations above are used to determine the 
9 maximum potential exposure concentration of each receptor. Appendix A of this document provides 

10 additional detail including derivation of the equations above. 
11 
12 6.3 Surface Water Accumulation Modeling 

13 Concentrations of CO PCs and ROPCs in surface water will be estimated from EPCs described in 
14 Section 6.1.4.3 as derived from the Columbia River air modeling exposure grid (see Section 6.1.2.6). For 
15 this risk assessment, deposition is assumed to occur for the potential operating lifespan of the facility 
16 (40 years). The COPC and ROPC concentrations in surface water (water in a pond, stream, river, or other 
17 water body, that is, the Columbia River) are calculated for vapor, particle, and particle-bound phases. 
18 The emissions report, included in Supplement 2 of this work plan, specifies the COPC and ROPC phases 
19 a long with the constituent-specific Fv parameter values. Both wet and dry deposition of particles, 
20 particle-bound, and vapor constituents wi ll be considered in the surface water modeling. Note that for 
21 evaluation of future exposure scenarios ( after cessation of emissions), air concentration and deposition 
22 rates are zero; thus, no surface water accumulation occurs. 
23 
24 Various equations are used in the surface water accumulation modeling. Some parameter values used in 
25 this modeling are functions of other parameters, which are functions of yet other parameters. To avoid 
26 confusion, the primary equations for surface water accumulation modeling appear in Section 6.3 ; 
27 supporting/intermediary equations appear in Appendix A. A cross-reference to these 
28 supporting/intermediary equations is presented in this section. 
29 
30 The COPC and ROPC concentrations in surface water will be calculated for the drinking water, dermal 
31 contact, and fish ingestion pathways in the human health risk assessment, and the direct contact (aquatic life 
32 and fish) and indirect ingestion pathways for ecological receptors. The COPC and ROPC surface water 
33 concentrations are determined after considering the following mechanisms loaded into the water column 
34 (i .e ., a volume of water of uniform horizontal cross-section that extends from the surface to the bottom of 
35 the water body): 
36 
37 • Direct deposition 

38 • Direct diffusion of vapor phase COPCs and ROPCs into the surface water 

39 • Runoff from impervious surfaces within the watershed (that is, the area potentially contributing water 
40 to the Columbia River) 

41 • Runoff from pervious surfaces within the watershed 

42 • Soil erosion over the total watershed 

43 • Chemical, biological, or radiological transformation of compounds within the surface water body 

44 
45 As noted previously in Section 6.2, evapotranspiration exceeds precipitation in the Hanford site area, 
46 resulting in insufficient water available to cause significant erosion or runoff of COPCs and ROPCs 
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(s ince evapotranspiration exceeds precipitation, there is no water to run off; the water goes back up into 
2 the air). T hus, surface runoff and soil erosion are expected to be insignificant so il loss mechanisms and 
3 insignificant surface water loading mechanisms. Since surface runoff and eros ion to the Columbia River 
4 are assumed to be negligible, a watershed area is prov ided for info rmation, but not used. Also, since the 
5 max imum consti tuent concentrations in surface water and sediment will be used as inputs for these 
6 pathways, a surface water area (or "effective" area) is provided for information, but will not be used. 
7 Therefore, surface runoff and soil erosion will not be included as surface water loading mechanisms 
8 unless they are included as soil loss mechani sms (note that EPA 2005 recommends that the soil loss due 
9 to soil erosion should not be included in the soil accumulation modeling). A lso, as noted in EPA 2005 , 

IO the chemical , biological, or radiologica l transformation of compounds within the surface water body 
11 should not be included as a load to the surface water body because of limited data and uncertainty 
12 associated with this mechanism. 
13 
14 Therefore, contaminant loading to surface water fo r the PRA will be from direct depos ition and vapor 
15 phase dry deposition di ffusion. For completeness, the equations presented below include all potential 
16 surface water loading mechanisms. 
17 
18 The COPCs and ROPCs in surface water will be estimated using equations presented below. These 
19 equations are from EPA 2005 ; however, because this guidance does not address ROPCs, minor changes 
20 (e.g ., the use of unit conversion factors) have been made to these equations to address RO PCs. 
2 1 Supporting and intermediate equations are presented in Appendix A of this work plan . Values for the 
22 Hanford-specific and site-specific parameters used in surface water modeling are presented in Table 6-3. 
23 Values for the COPC- and ROPC-specifi c parameters are presented in Supplement 4. 
24 
25 The site-specific equation used to quantify the total COPC and ROPC load to the surface water body is: 
26 
27 

28 
29 
30 
3 1 
32 
33 
34 

35 
36 
37 

38 
39 

40 
41 
42 

43 
44 
45 

46 
47 
48 

where: 

LotF 

(Eq.5-28 in HHRAP) 

total COPC or ROPC load to the water body, including deposition, runoff, and erosion 
(g/yr for COPCs and Ci/yr for ROPCs). Note that because there are three facility 
stacks, Lr is calculated for each indi vidual stack before summing across all three stacks 
to obtain a total direct deposition load to the water body. 

total (wet and dry) particle-phase and total (wet and dry) vapor-phase direct deposition 
load to water body (g/yr for COPCs and Ci/yr for ROPCs). LoEP is calculated in 
Eq. 5-29 of the HHRAP. 

vapor-phase dry deposition di ffusion load to water body (g/yr for COPCs and Ci/yr for 
ROPCs). Lo!F is calculated in Eq. 5-30 of the HHRAP. 

runoff load from impervious surfaces (g/yr for CO PCs and Ci/yr for ROPCs). LRI is 
calcu lated in Eq. 5-31 of the HHRAP, but is assumed to equal ze ro for this risk 
assessment. 

runoff load from pervious surfaces (g/yr fo r CO PCs and C i/yr fo r RO PCs) . LRP is 
calculated in Eq. 5-32 of the HHRAP, but is assumed to equal zero for this risk 
assessment. 

so il eros ion load to the surface water body (g/yr for COPCs and Ci/yr for ROPCs). LE 
is calculated in Eq. 5-33 of the HHRAP, but is assumed to equal zero fo r this risk 
assessment. 
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2 Once the total load to the water body (Lr) is estimated, the total water body COPC or ROPC 
3 concentration (Cwwi) will be calculated. This total water body concentration is subsequently used to 
4 estimate the total concentration in the water column (see below), as well as the concentration adsorbed to 
5 the bed sediment (see Section 6.4). The equation used to estimate the total water body concentration for 
6 COPCs is : 
7 

8 

9 
LO Where: 
l l 
12 
13 
14 

15 
16 

17 
18 
19 

20 
21 

22 
23 

24 
25 
26 

27 
28 
29 

30 
31 

32 

LT 
c wtot = Vfx . f wc +kW/ . Aw . (dwc + dbs ) 

(Eq . 5-35 in HHRAP) 

C wtot 

Vfx 

f wc 

d,vc 

total water body COPC or ROPC concentration, including the water column and bed 
sediment (mg/L for COPCs and pCi/L for ROPCs). Note that for ROPCs, a unit 
conversion factor of 1 x 109 pCi · m3 /Ci · L must be applied. 

total COPC or ROPC load to the water body (g/yr for COPCs and Ci/yr for ROPCs). 
Lr is calculated in Eq. 5-28 in the HHRAP. 

average annual volumetric flow rate through the water body (m3/yr) . Vfx is 
site-specific. A value of Vfx = 1.05961 E+ 11 m3 /yr (PNNL 2006, based on 3360 m3 /s 
for Priest Rapids Dam) (Table 6-3). 

fraction of the total water body COPC or ROPC concentration in the water column 
(unitless). f.vc ranges from Oto 1 and is calculated in Eq. 5-36A in the HHRAP. 

overall total water body COPC or ROPC dissipation rate constant ( l/yr) . k,,,.. is 
calculated in Eq. 5-38 in the HHRAP. 

average annual water body surface area (m2). A value of Aw= 3.642E+07 m2 is used 
based on all of the Columbia River within the Hanford Site boundary (PNNL 2006) 
(Table 6-3 and Figure 3-1 ). 

average annual depth of the water column (m) . An estimated value of dwc = 28.4 ft 
(8 .66 m) (modeling data from Columbia Basin Research 2000, Hanford Reach full pool 
depth at the downstream end of the segment) is used (Table 6-3). 

depth of the upper benthic sediment layer (m). The recommended default value of 
0.03 m (HHRAP Section 5.4.7) is used (Table 6-3). 

33 Once the total water body COPC and ROPC concentration (Cwwi) is estimated, the total COPC and ROPC 
34 concentration in the water column (C...,c101) will be calculated. This total concentration in the water column 
35 will subsequently be used to estimate the dissolved-phase water concentration (see below) and to model 
36 direct contact (aquatic life and trout) and water ingestion exposure in the ecological risk assessment. The 
37 total concentration in the water column includes both dissolved COPCs and ROPCs and COPCs and 
38 ROPCs sorbed to suspended solids. The equation used to estimate the total concentration in the water 
39 column is: 
40 

41 

42 

C /' C ( d wc +dbs J 
WC/Of = J WC • WIOI • d 

·we 

(Eq. 5-45 in HHRAP) 
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1 where: 
2 
3 C,vciot = total COPC or ROPC concentration in the water column (mg/L for COPCs and pCi/L 
4 for ROPCs) 

5 
6 

7 
8 
9 

10 
11 
12 

13 
14 

15 

f wc 

Cwtot 

d,vc 

fraction of the total water body COPC or ROPC concentration in the water column 
(unitless). f.vc ranges from Oto l and is calculated in Eq. 5-36A in the HHRAP. 

total water body COPC or ROPC concentration, including the water column and bed 
sediment (mg/L for COPCs and pCi/L for ROPCs). Cw101 is calculated in Eq . 5-35 in 
the HHRAP 

average annual depth of the water column (m) . An estimated value of d wc = 28.4 ft 
(8.66 m) (modeling data from Columbia Basin Research 2000, Hanford Reach full pool 
depth at the downstream end of the segment) is used (Table 6-3). 

depth of the upper benthic sediment layer (m). The recommended default value of 
0.03 m (HHRAP Section 5.4.7 is used (Table 6-3). 

16 Once the total COPC and ROPC concentration in the water column (Cwcwi) is estimated, the dissolved 
17 phase COPC and ROPC water concentration (Cdw) will be calculated. The equation for this concentration 
18 1s: 
19 

20 c = C wc101 

d,v l + Kdsw · TSS · CF 
(Eq. 5-46 in HHRAP) 

21 
22 where: 
23 
24 

25 
26 

27 
28 
29 
30 
31 
32 

33 
34 

35 

36 
37 
38 
39 
40 
41 

C,w = dissolved-phase water concentration (mg/L for COPCs and pCi/L for RO PCs) 

C vciot = total COPC or ROPC concentration in the water column (mg/L for COPCs and pCi/L 
for ROPCs). C,vc101 is calculated in Eq. 5-45 in the HHRAP. 

Kdsw = suspended sediments/surface water partition coefficient (L/kg) . Kdsw is shown in 
Supplement 4. If no Kdsw value exists for an organic constituent, then Kdsw is estimated 
using Eq. A-2-11 in the HHRAP and a defaultfoc.sw = 0.075 (fraction of organic carbon 
in suspended sediments, HHRAP Section A2-2. l 0) provided the constituent K0 c value 
(soil organic carbon-water partition coefficient) is known. If Kdsw is not available and 
cannot be estimated, a value of 0 L/kg is used for Kdsw to estimate Cdw· 

TSS total suspended solids concentration (mg/L). Since a site-specific value is not 
available, a default value of 10 mg/L (HHRAP Section 5.7.4.1) is used (Table 6-3). 

CF units conversion factor of I x 1 o-6 (kg/mg) 

The dissolved-phase COPC and ROPC water concentration (C1iv) wi ll be used in the human health ri sk 
assessment as the source of drinki ng water, the source of water for the sweat lodge exposure pathway, 
and, depending on the constituent, for the modeling of fish concentrations (see Section 7 .1. 7 .5). Cdw is 
used for the modeling of fish concentrations for all COPCs and RO PCs in the ecological ri sk assessment. 
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6.4 Sediment Accumulation Modeling 

2 River sediment concentrations are modeled using the previously modeled total water body concentrations 
3 (see Section 6.3). Sediment concentrations are used in the ecological risk assessment (ERA) and to model 
4 fish concentrations for specific COPCs for the human health risk assessment (see Section 7.1.7 .5). 
5 
6 Various equations are used in the sediment accumulation modeling. Some parameter values used in this 
7 modeling are functions of other parameters, which are functions of yet other parameters. To avoid 
8 confusion, the primary equations for sediment accumulation modeling appear in Section 6.4; 
9 supporting/intermediary equations appear in Appendix A. A cross-reference to these 

10 supporting/intermediary equations is presented in this section. 
11 
12 The equation for calculating COPC and ROPC concentrations sorbed to bed sediment is: 
13 

14 

15 
16 where: 
17 
18 
19 

20 
21 

22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 

33 
34 

35 
36 
37 

38 
39 

40 

41 6.5 

C - J, . C . ( Kd bs J . ( d we + d bs J 
sed - bs wtot B Kd . C d 

bs + bs BS bs 

(Eq. 5-47 in HHRAP) 

C sed 

f i,s 

Cas 

COPC or ROPC concentration in bed sediment (mg/kg for CO PCs and pCi/g for 
ROPCs). Note that a unit conversion factor of 1 x 10-3 kg/g is used for ROPCs. 

fraction of total water body COPC or ROPC concentration in the benthic sediment. 
(unitless) ; f6s ranges from Oto 1 and is calcu lated in Eq. 5-36B in the HHRAP. 

total water body COPC or ROPC concentration, including the water column and bed 
sediment (mg/L for COPCs and pCi/L for ROPCs). Cw101 is calculated in Eq. 5-35 in 
the HHRAP. 

bed sediment/sediment pore water partition coefficient (L/kg). Kd65 is shown in 
Supplement 4. If no Kd65 value exists for an organic constituent, then Kd6s is estimated 
using Eq. A-2-12 in the HHRAP and a defau lt foc.bs = 0.04 (fraction of organic carbon 
in bottom sediments, HHRAP Section A2-2.10), provided the constituent Koc value 
(soil organic carbon-water partition coefficient) is known . If no Kd6s value exists for a 
constituent, and if Kd6s cannot be estimated, a value of 0 L/kg is used. 

bed sediment porosity (Lµore waie)L sedimeni) - The recommended default value of 0.6 LIL 
(EPA 2005) is used (Table 6-3) . 

bed sediment concentration (g/crn3
). The recommended default value of 1 g/cm3 

(HHRAP Section 5.7.4.1) is used (Table 6-3) . 

average annual depth of water column (m). An estimated value of dwc = 28.4 ft 
(8.66 m) (modeling data from Columbia Basin Research 2000, Hanford Reach full pool 
depth at the downstream end of the segment) is used (Table 6-3). 

depth of upper benthic sediment layer (m). The recommended default value of 0.03 m 
(HHRAP Section 5.4 .7) is used (Table 6-3). 

Special Considerations for Mercury Modeling 

42 Note that special equations for mercury modeling of each of these load parameters are stipulated in the 
43 HHRAP and provided in Appendix A. The HHRAP (EPA 2005) and the Screening Level Ecological 
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I Risk Assessment Protocol for Hazardous Waste Combustion Facilities (EPA 1999, herein referred to as 
2 the SLERAP) assume that stack emiss ions contain a variable mi x of e lemental and diva lent mercury, but 
3 no methy l mercury. These guidance sources state that mercury emissions are partitioned in the 
4 atmosphere in both the e lemental (Hg0

) and d ivalent (Hg2+) fo rm, w ith part of the mercury go ing into the 
5 g loba l cycle, and another part subject to inha lation or uptake in environmental media (so il , water, and 
6 plants), and it should be assumed that 48 % of the di va lent mercury and 0 .2 % of the e lementa l mercury is 
7 deposited. However, mercury has been detected in some tank waste sample analyses and 
8 dimethy lmercury (DMHg) has been detected in tank headspace samp les in very sma ll quantities. Some 
9 DMHg may be present in the waste feed, and some could be generated in plant processes, resulting in 

IO non-zero concentrations in plant emission . 
l l 
12 In the RA WP, it is assumed that stack emiss ions of mercury wi ll be in the elemental, diva lent and 
13 dimethyl form . The emiss ions estimate prov ides emiss ions of non-methyl mercury and dimethyl 
14 mercury . The partition ing of non-methyl fo rm of mercury into e lementa l and divalent fonns will be 
15 performed according to the HHRAP. However, the assumption is made that DMHg emiss ions do not 
16 enter the g loba l cycle, transform (into other forms) or decay, and that 100 % of the DMHg is available fo r 
l 7 inha lat ion and uptake by environmental media . T hi s is a conservative approach because in a ll like lihood, 
18 a substantia l portion of any DMHg emitted w ill become part of the g lobal cycle. Likewise, by thi s 
19 approach, no credit is taken fo r decay, oxidation, or other transformation of DMHg in the atmosphere. 
20 
2 l Per HHRAP guidance, it is as urned that 48 % o f the non-methyl mercury emitted will be depos ited 
22 (Appendix A, o r equations in Table B-l-1 [land] , and Tables 8 -4-8 through 8-4-12 [surface water] of the 
23 HHRAP). A portion of the non-methyl mercury emiss ions is assumed to convert in to a mono-methyl 
24 fo m1 through interaction with organic med ia upon depositi on. It is assumed that methyl mercury (MHg) 
25 is fo nned only after depos ition to so il or surface water. Per EPA guidance (EPA 2005 and 1999), it is 
26 assumed that the fract ion of methyl mercury in dry soil is 2 % (Appendi x A, or equations in Table 8 - 1-1 
27 in the HHRAP) and the frac tion of methyl mercury in surface water is 15 % (HHRAP Table 8-4-24). 
28 Note a lso that because there are three fac ili ty s tacks, each load type will be calculated fo r each individual 
29 stack before summing across all three stacks to obta in a total load. 
30 
31 Figure 6-9 is an illustrati on summarizing the assumptions with regards to mercury partitioning. 
32 

33 6.6 Terrestrial Plant Accumulation Modeling 

34 The models used to ca lculate concentrations of contaminants in plants consumed by both human and 
35 nonhuman receptors w ill be the same. The use of the same models for human and nonhuman receptors is 
36 based on previous stakeho lder and triba l nations' requests. Plants, such as homegrown vegetables or w ild 
37 produce, are consumed by humans and animals (e.g., as fo rage for browsing animals and as s ilage). 
38 
39 Various equations are used in the terrestri al plant accumulati on modeling. Some parameter va lues used in 
40 thi s modeling are function of other parameters, which are functions of yet other pa rameters. To avo id 
4 l confusion, the primary equations fo r terrestri al plant accumu lation mode ling appear in Section 6.6; 
42 upporting/intermediary equations appear in Appendix A. A cross-reference to these 
43 supporting/intermed iary equations is presented in this section. 
44 
45 T he COPC and ROPC concentrations in plants w ill be esti mated fo r aboveground produce and 
46 be lowground produce. Aboveground produce will be exposed to parti culate deposition (i.e., direct 
47 deposition onto the plant surfaces) and vapor phase contamjnation (i .e., a ir-to-plant transfer), as well as root 
48 uptake fro m soil and subsequent transfer to aboveground fo liage. Aboveground plant parts are categorized 
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l as protected (i.e. , the plant structure prevents accumulation of contaminants through the deposition and air-
2 to-plant pathways) and unprotected. For example, com kernels are protected by husks. Protected plant 
3 parts will be limited in this evaluation to grain used as animal feed. All other plant parts for human and 
4 animal consumption will be considered unprotected (i.e., not physically shielded from deposition). 
5 Belowground produce will only be exposed to contaminants from the soil through root uptake. 
6 
7 Concentrations of CO PCs and RO PCs in plants will be estimated using the equations presented be low as 
8 recommended in the HHRAP. Plant modeling for carbon-14 and hydrogen-3 (tritium) are special cases, 
9 based on guidance from Regulatory Guide 1.109 (NRC 1977) and are discussed in Section 6.6.2. Note 

10 that for all COPCs and ROPCs except carbon-14 and tritium, concentrations for various types of plants 
11 (e.g. , aboveground plant due to direct deposition, belowground plant due to root uptake) are modeled. 
12 For carbon-14 and tritium, a single "concentration in vegetation" is modeled and used in the subsequent 
13 risk assessment. Values for site-specific parameters used in plant modeling are located in Table 6-4, 
14 while values for the chemical-specific parameters are presented in Supplement 4. 
15 
16 6.6.1 Aboveground Plants/Direct Deposition 

17 The equations used to estimate the aboveground plant concentration due to direct deposition are presented 
18 below. Special consideration is given to modeling for total mercury, divalent mercury, and methyl 
19 mercury. No estimates of aboveground plant concentration due to direct deposition will be made for 
20 carbon-14 and tritium (see Section 6.6.2). The aboveground plant concentrations due to direct deposition 
2 1 will be estimated for the following plant types: produce, forage, and silage. 
22 
23 The following equation calculates the aboveground plant concentration due to direct deposition for all 
24 COPCs except total mercury, diva lent mercury, and methyl mercury, and for all ROPCs except carbon-14 
25 and tritium: 
26 

27 

28 

Pd = CF· Q · (1 - FJ· [Dydp + (Fw-Dywp)]· Rp . [1 -e(- kpTpJ ] 

Yp-kp 

(Eq. 5-14 in HHRAP) 

29 The equation to calculate the aboveground plant concentration due to direct deposition for total mercury 
30 1s: 
31 

32 
33 where: 
34 
35 
36 

37 
38 

39 
40 

0.48 ·CF · Q · (1- F., )· [Dydp + (Fw· Dywp) ]· Rp · [1 - e(- kpTp) ] 
Pd(Hg) = --------~----------~---~ 

Yp ·kp 

(Tab le B-2-7 in 
HHRAP) 

Pd 

Pd(HgJ 

CF 

concentration of COPC or ROPC in aboveground plant due to direct (wet and dry) 
deposition (mg COPC/kg plant ti ssue OW and pCi ROPC/g plant tissue OW). 

concentration of tota l mercury in aboveground plant due to direct (wet and dry) 
deposition (mg COPC/kg plant tissue OW). 

units conversion factor of 1000 (mg/g) for COPCs and I x l 09 (pCi-kg/Ci-g) for 
ROPCs. 
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COPC or ROPC-specific emission rate (g/s for COPCs and Ci/ s for RO PCs), derived 
as described in Section 5. 

fraction of COPC or ROPC air concentration in vapor phase (un itless). Fv is 
constituent-COPC-specific, ranges fro m 0 to 1, and is shown in Supplement 4. 
Constituents w ith a vapor fract ion less than 0.05 are modeled as entire ly particulate 
with anFv va lue of0 (CC 097844). When Fv is not available, it is empirically 
derived for most constituents (except metals and some mercury compounds) using 
Eqs. A-2-1 and A-2-2 (when appropriate) in the HHRAP. 

unitized yearly average dry deposition from particle phase (s/m2-yr). Dydp , from the 
a ir di spersion modeling, is stack-specific. 

fraction of COPC or ROPC wet deposition that adheres to plant surfaces (unitless). A 
value of 0.2 is used for anions and two specific organic COPCs (p-chloroaniline and 
n-nitrosodi -n-propylamine) that ionize to anionic forms. A value of0.6 is used for 
cations and all other organics (HHRAP Section 5.3.1). See Table 6-4 . 

unitized yearly average wet deposition from particle phase (s/m2-yr). Dywp, fro m the 
ai r dispersion modeling, is stack-spec ific. 

interception fraction of the edib le portion of p lant for aboveground produce (unitless). 
Rp is plant-type-specific, with a value of 0.39 (representing a weighted average of 
fruits and vegetables [HHRAP Section 5.3. l. l ]) used for produce, a value of 0.05 for 
forage , and a value of 0.46 (HHRAP Section 5.4. 1.1) for s ilage. See Table 6-4. 

· run ( . ~l base of the natural logant umtless) . e = L. - ~ 2. 718282 . 
i=O i! 

plant surface loss coefficient (y( 1
). The recommended default value of 18 y( 1 

(HHRAP Section 5.3.1.2) is used for a ll COPCs. For ROPCs, the effective kp 
inc ludes a radioactive decay component (see Table 6-4). 

length of plant exposure to deposition per harvest of edible portion of plant for 
aboveground produce (yr). The recommended default va lues of 0.164 yr for produce 
(HHRAP Section 5.3.1 .3), 0 . 12 yr for forage, and 0.16 yr for silage (HHRAP Section 
5.4 .1.3) are used (Table 6-4). 

yie ld or standing crop biomass of the edible portion of the plant for aboveground 
produce (productivity) (kg/m2

). Yp is site-specific and plant-type-specific. The 
recommended default value of 2.24 kg/m2 (representing a weighted average offru its 
and vegetables [HHRAP Section 5.3.1.4]) is used for produce, while a value of 
0.15 kg/m2 for forage (site-specific va lue, [Wisiol 1984]), and a va lue of0.8 kg/m2 

(HHRAP Section 5.4.1.4) is used for silage. See Table 6-4. 

multiplier fo r modeling of total mercury (unitless), as shown in Tab le B-2-7 in the 
HHRAP. 

38 The effective plant surface loss coefficient for ROPCs includes a component fo r wind removal, water 
39 remova l, and growth dilution (14.06 day half-li fe), and a component for loss due to radioactive decay 
40 (isotope nuclear ha lf-life). Equation 5-15 of the HHRAP is used to determine the effective plant surface 
41 loss coefficient; however, the radionuclide half-life plus 14.06 days is substituted for the tenn t½ in 
42 Equation 5-15 of the HHRAP. 
43 
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I The following equation calculates the aboveground plant concentration due to direct deposition for 
2 divalent mercury: 
3 

4 (Table 8-2-7 in HHRAP) 

5 
6 The equation to calculate the aboveground plant concentration due to direct deposition for methyl 
7 mercury 1s: 
8 
9 

10 

Pd(MHg) = 0.22 · Pd( Hg) (Table 8-2-7 in HHRAP) 

11 
12 
13 
14 

15 
16 

17 
18 
19 

20 
21 

22 
23 

24 

where: 

0.78 

0.22 

concentration of divalent mercury in aboveground produce due to direct (wet and 
dry) deposition (mg COPC/kg plant tissue DW) 

concentration of methyl mercury in aboveground produce due to direct (wet and 
dry) deposition (mg COPC/kg plant tissue DW) 

concentration of total mercury in aboveground produce due to direct (wet and dry) 
deposition (mg COPC/kg plant tissue DW). Pd(Hg) is calculated in Table 8-2-7 in 
the HHRAP and shown above for produce, forage, and silage. 

multiplier for mode ling of divalent mercury (unitless), as shown in Table B-2-7 in 
the HHRAP 

multiplier for modeling of methyl mercury (unitless) , as shown in Table 8 -2-7 in 
the HHRAP 

25 ote that in the equations to calculate the concentration in aboveground plants due to direct deposition, 
26 several parameters are stack-specific. This necessitates estimating the concentration in aboveground 
27 plants due to direct deposition for each stack individually. The individual concentrations from the three 
28 facility stacks will then be summed to obtain the overall concentration in aboveground plants due to direct 
29 deposition. 
30 
31 Also, note that in the equations to calculate the concentration in aboveground plants due to direct 
32 deposition, several parameters are plant-type-specific (produce, forage, and silage, for example). That is, 
33 when estimating the concentration in aboveground plants due to direct deposition for produce, the 
34 produce-specific parameters will be used. Likewise, when estimating the concentration in aboveground 
35 plants due to direct deposition for forage and silage, the forage-specific parameters and the silage-specific 
36 parameters will be used, respectively. 
37 

38 6.6.2 Aboveground Plants/Air-to-Plant Transfer 

39 The equations used to e timate the aboveground plant concentration due to air-to-plant transfer are 
40 presented below. Per the HHRAP (EPA 2005), special consideration is given to modeling for total 
41 mercury, divalent mercury, and methyl mercury. pecial consideration is also given to modeling for 
42 carbon-14 and tritium [see detailed discussion below, based on NRC guidance (NRC 1977)]. The 
43 aboveground plant concentrations due to air-to-plant tran fer are estimated for the following plant types: 
44 produce, forage , and silage. 
45 
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1 The fo llowing equation calculates the aboveground plant concentration due to air-to-plant transfer for all 
2 vapor-phase COPCs and ROPCs, except total mercury, divalent mercury, methyl mercury, carbon-14 and 
3 tritium: 
4 

5 
Q·F -Cy v· Bv -VG Pv= V ag ag (Eq . 5-18 in HHRAP) 

Pa 
6 
7 The equation to calculate the aboveground plant concentration due to air-to-plant transfer for total 
8 mercury 1s: 
9 

10 

11 
12 
13 
14 
15 
16 

17 
18 

19 
20 

21 
22 
23 
24 
25 

26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 

Where: 

0 48 · Q · F · Cyv · Ev · VG 
P 

· v ag ag 
v (!-rg ) = ------------ (Table B-2-8 in HHRAP) 

Pv 

Q 

Cyv 

VGag 

Pa 

concentration of COPC or ROPC in aboveground plant due to air-to-plant transfer 
(mg COPC/kg plant tissue DW and pCi ROPC/g plant ti ssue DW). Note that a unit 
convers ion factor of 1 x 109 (pCi/mCi) is used for ROPCs . 

concentration of total mercury in aboveground plant due to a ir-to-plant transfer 
(mg COPC/kg plant ti ssue DW). 

COPC- or ROPC-specific emi ssion rate (g/s for COPCs and Ci/s for ROPCs), derived 
as described in Section 5. 

fraction of COPC or ROPC air concentration in vapor phase (unitless). Fv is shown in 
Supplement 4. Constituents with a vapor fraction less than 0.05 are modeled as 
entirely particulate with an Fv value of O (CCN 097844). When Fv is not ava ilable, it 
is empirically derived for most constituents (except metals and some mercury 
compounds) using Eqs. A-2- 1 and A-2-2 (when appropriate) in the HHRAP. 

unitized yearl y average air concentration from vapor phase (µg-s /g-m3 for COPCs and 
mCi-s/Ci-m3 for ROPCs). Cyv, from the air dispersion modeling, is stack-specific. 

COPC or ROPC air-to-plant biotransfer factor for aboveground plant (unitless) . Bvag 
is shown in Supplement 4. The B v ag value for produce is used to estimate 
aboveground plant concentration due to air-to-plant transfer for produce, while the 
B vag value for forage (denoted as Bvforage in Supplement 4) is used to estimate 
aboveground plant concentration due to air-to-plant transfer for both forage and silage 
(HHRAP Section A2-2.12.4) . When Bvag values are not available, but sufficient 
information exists, guidance in HHRAP Section A2-2. 12.4 was used where applicable 
for estimating Bvag· Note that because no values for Bvag could be found for 
radionuclides that are in vapor phase, Pv for air-to-plant transfer cannot be quantified 
for a few ROPCs. 

empirical correction factor for the aboveground plant due to air-to-plant transfer 
(unitless) . For produce, the recommended default va lues (HHRAP Section 5.3 .2. 1) for 
VGag are used: a value of0.01 for COPCs and ROPCs with a log 10 of the octanol/water 
partitioning coefficient (K0w) ~ 4 and a VGag value of I for COPCs and ROPCs with a 
log K 0 w < 4 . K0 w is CO PC-specific. If no K 0 w value exists for a constituent, the model 
conservatively uses VGag = l . For forage and si lage, the recommended default values 
of 1 and 0.5, respectively (HHRAP Section 5.4.2. 1), are used for VGag• See Table 6-4. 
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density of air (g/m3
). The recommended default value of 1200 g/m3 (EPA 2005) is 

used. 

multiplier for modeling of total mercury (unitless), as shown in EPA 2005. 

The following equation calculates the aboveground plant concentration due to air-to-plant transfer for 
divalent mercury: 

(Table B-2-8 in HHRAP) 

The equation to calculate the aboveground plant concentration due to air-to-plant transfer for methyl 
mercury 1s: 

Pv(MHg ) = 0.22 · Pv(Hg) (Table B-2-8 in HHRAP) 

15 where: 
16 
17 
18 

19 
20 

21 
22 

23 
24 

25 
26 

27 

Pv(l-rg) 

0.78 

0.22 

concentration of divalent mercury in aboveground plant due to air-to-plant transfer 
(mg COPC/kg plant tissue DW). 

concentration of methyl mercury in aboveground plant due to air-to-plant transfer 
(mg COPC/kg plant tissue DW). 

concentration of total mercury in aboveground plant due to air-to-plant transfer 
(mg COPC/kg plant tissue DW). Pv(Hg) is calculated in Table B-2-8 in the HHRAP. 

multiplier for modeling of divalent mercury (unitless), in Table B-2-8 of the 
HHRAP. 

multiplier for modeling of methyl mercury (unitless) , as shown in Table B-2-8 of the 
HHRAP. 

28 Note that in the equations to calculate the concentration in aboveground plants due to air-to-plant transfer, 
29 several parameters are stack-specific. This necessitates estimating the concentration in aboveground 
30 plants due to air-to-plant transfer for each facility stack individually. The individual concentrations from 
31 the three facility stacks then will be summed to obtain the overall concentration in aboveground plants 
32 due to air-to-plant transfer. 
33 
34 Also note that in the equations to calculate the concentration in aboveground plants due to air-to-plant 
35 transfer, several parameters are plant-type-specific (i.e., when estimating the concentration in 
36 aboveground plants due to air-to-plant transfer for produce, the produce-specific parameters are used). 
37 Likewise, when estimating the concentration in aboveground plants due to air-to-plant transfer for forage 
38 and silage, the forage-specific parameters and the silage-specific parameters are used, respectively. 
39 
40 As mentioned above, special consideration is given to modeling for carbon-14 and tritium. Risk 
41 calculations for most ROPCs are based on the assumption that radionuclides are present as particulates or 
42 vapors. However, special consideration must be given to carbon-14 and tritium, as these ROPCs are 
43 processed by vegetation with natural carbon and hydrogen, respectively. Thus, the vegetation ingestion 
44 pathway for carbon-14 and tritium is dependent on the exchange of carbon and hydrogen between plants 
45 and the environment. For this assessment, guidance from Regulatory Guide 1.109 (NRC 1977) is used to 
46 account for the bioaccumulation of carbon-14 and tritium in plants that could lead to human exposure 
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1 through vegetation ingestion. This is achieved through the use of correction factors and by using the 
2 assumptions that all carbon-14 is released by the WTP in oxide form (1 4CO or 14CO2) and tritium is 
3 released in water vapor. These correction factors will be applied to the concentration (e.g. , pCi/L) 
4 estimated at the point of exposure by the air model. 
5 
6 The concentration of carbon-14 in vegetation is calculated assuming that its ratio to the natural carbon in 
7 vegetation is equal to the ratio of carbon-14 to natural carbon in the atmosphere surrounding the 
8 vegetation (NRC 1977): 
9 

10 

11 

C A(C- 14) . p. 0.11 
C - --------- --v<c- 14 ) - 0_ 16 

(NRC 1977) 

12 where: 
13 
14 

15 
16 

17 
18 

19 

20 

21 

C v(C- 14) 

C A(C-14) 

p 

0.11 

0.16 

concentration of carbon-14 in vegetation (pCi ROPC/g plant tissue DW). 

concentration of carbon-1 4 in the surrounding air (pCi/ m3
) . CA(c- ,4) is obtained from 

the air dispersion modeling. 

ratio of the total annual release time to the total annual time during which 
photosynthesis occurs; a conservative ratio of 1.0 is used. 

fraction of the total plant mass that is natural carbon (dimensionless) . 

concentration of natural carbon in the atmosphere (g/m3). 

22 The concentration of tritium in vegetation will be calculated based on the equilibrium between moisture 
23 in the air and water in plants (NRC 1977): 
24 

25 

26 
27 
28 
29 

30 
31 

32 

33 
34 

35 
36 
37 
38 
39 
40 
41 

42 
43 
44 

where : 

C v< H -J) = C A( H -J) · 0.75 -(0.5-'c-Humidity) (NRC 1977) 

C v<H-3) 

C A(J-l -3) 

0.75 

0.5 

Humidity = 

concentration of tritium in vegetation (pCi ROPC/g plant tissue DW). 

concentration of tritium in the surrounding air (pCi/m3
). CA(H-JJ is obtained from 

the air di spersion modeling. 

fraction of the total plant mass that is water (dimensionless). 

ratio of tritium concentration in plant water to tritium concentration in atmospheric 
water (dimensionless). 

abso lute humidity of the atmosphere (g/m3). A site-specific relative humidity value 
of 55 .1 %, (the equivalent of 6.0 g/m3 absolute humidity) is used. The value was 
determined from the average of re lative humidity measurements taken from the 
Hanford Meteorological Station for years 2002 through 2006 (conversion from 
re lative to absolute humidity was done using the average temperature and 
atmospheric pressure taken from the Hanford Meteorological Station for years 
2002 through 2006 [ 12.5 °C and 0.98 atm ]). 

The concentration of carbon-14 and tritium in vegetation wi II be used as the total plant concentration for 
these ROPCs throughout the ri sk assessment, instead of estimating concentrations for specific types of 
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l plants (e.g., produce, forage , silage, and grain) and specific parts of the plants (i.e. , aboveground and 
2 belowground). 
3 
4 6.6.3 Root Uptake 

5 The concentration ofCOPCs and ROPCs in plants due to root uptake from the soil will be calculated for 
6 aboveground and belowground plants. These concentrations are calculated for all COPCs and all ROPCs 
7 except carbon-14 and tritium (see Section 6.6 .2). The concentration in plants due to root uptake from the 
8 soil is a function of the soil concentration and a soil-to-plant bioaccumulation uptake factor. 
9 Section 6.6.3.1 discusses the modeling of aboveground plants due to root uptake. Section 6.6.3 .2 

10 discusses the modeling of belowground plants due to root uptake. A discussion of uptake factors is 
11 presented in Section 6.6.3.3. 
12 
13 6.6.3.1 Root Uptake/Aboveground Plants 

14 The concentration in aboveground plants due to root uptake is a function of the soil concentration and the 
15 soil-to-plant bioaccumulation uptake factor for aboveground plants. The aboveground plant 
16 concentrations due to root uptake will be estimated for the following plant types: produce, forage, silage, 
17 and grain. No estimates of aboveground plant concentration due to root uptake will be made for 
18 carbon-14 and tritium, because a "vegetation concentration" will be estimated as the total plant 
19 concentration for these two isotopes (see Section 6.6.2). Also, the untilled soil depth of 2 cm is 
20 considered too shallow to estimate plant concentrations for consumption by human and ecological 
21 receptors; thus, only root zone soil concentrations (depth of 15 cm for wild produce, forage , wild 
22 grain/seed) and tilled soil concentrations (depth of 20 cm for domestic produce, silage, domestic grain) 
23 are used to model aboveground plants due to root uptake. 
24 
25 The following equation calculates the aboveground plant concentration due to root uptake for all CO PCs 
26 and for all ROPCs, except carbon-14 and tritium: 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

40 
41 
42 
43 
44 
45 
46 

where: 

Prag = Cs · Br,,g (Eq. 5-20A in HHRAP) 

Cs 

concentration of COPC or ROPC in aboveground plant due to root uptake (mg 
COPC/kg plant tissue DW and pCi ROPC/g plant tissue DW). Prag is calculated 
separately for domestic vegetation (tilled soil - 20 cm depth) and wild vegetation 
(root-zone soil - 15 cm depth). See the discussion below for appropriate combinations 
of plant types (i.e., produce, forage, silage, and grain) and soil depths . 

soil concentration (mg/kg for COPCs and pCi/g for ROPCs). Cs is depth-specific and 
calculated in accordance with Section 6.2 (HHRAP equations 5-lB though 5-lE, as 
modified for exposure timing and duration). 

plant-soil bioconcentration factor for aboveground produce (unitless). Brag is shown in 
Supplement 4. Separate Brag values are used for produce (denoted as Brag), forage and 
silage (per EPA 2005 , Brforage is used to denote and estimate both forage and silage), 
and grain (denoted as Brgra;11). The values for Brag in Supplement 4 (organic COPCs), 
will be compared against the calculated mass-limited uptake factors that are described 
in Section 6.6.3.3 (values shown in Appendix A), and the smaller of the two values will 
be used in the calculation of the aboveground plant concentration due to root uptake 
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(Prag), The use of the smaller value in this comparison prevents the overestimation of 
2 Prag, because, in some cases, the derived uptake factors (Brag) are not physically 
3 possible, leading to the prediction of more chemical being accumulated by an organism 
4 fro m the so il than is released fro m the fac ility and deposited onto the soi l. In th is 
5 situation, use of the mass-I imited uptake facto r prevents the overestimation of Prag• 

6 
7 Note that in the equations above, four different plant types (produce, forage, silage, and grain) are 
8 modeled. When estimating the concentration in aboveground plants due to root uptake for produce, the 
9 produce-specific parameters are used. Likewise, when estimating the concentration in aboveground 

10 plants due to root uptake fo r forage, silage, and grain, the fo rage-specific parameters , silage-specific 
11 parameters, and grain-specific parameters will be used, respectively. 
12 
13 Note also that in the equations above, two di ffe rent so il depths (tilled soil and root-zone soil) are used 
14 because untilled soil (2 cm depth) is considered too shallow for plants with root uptake. However, not 
15 every combination of the two so il types with the fo ur plant types is appropriate. The fo llowing 
16 combinations of soil types and plant types wi ll be used in estimating the aboveground plant concentrat ion 
17 due to root uptake: 
18 
19 • When estimating concentrations for aboveground plants due to root uptake fo r domestic produce, the 
20 tilled soil concentrations wi ll be used. 

2 1 • When estimating concentrations for aboveground plants due to root uptake for wild produce, the root-
22 zone soil concentrations will be used. 

23 • When estimati ng concentrations for aboveground plants due to root uptake for forage , the root-zone 
24 soil concentrations wi ll be used. 

25 • When estimating concentrations for aboveground plants due to root uptake for sil age, the tilled so il 
26 concentrati ons will be used. 

27 • When esti mating concentrations for aboveground plants due to root uptake for grain, both the ti lled 
28 soil concentrations and root-zone so il concentrations will be used. Grain modeled from tilled soi l wi ll 
29 be used in subsequent modeling of domesticated animals ( e.g., animals on a farm, such as chickens), 
30 whi le grain modeled from root-zone so il will be used in subsequent modeling of wild animals (e.g. , 
3 1 game animals such as wild fowl). 

32 
33 6.6.3.2 Root Uptake/Belowground Plants 

34 The concentration in belowground plants due to root uptake is a function of the soil concentration, the 
35 so il-to-plant bioaccumulation uptake factor for belowground plants, and a correction factor for 
36 belowground produce. The belowground plant concentrations due to root uptake wi ll be estimated fo r 
37 only one plant type: produce. No estimates of belowground plant concentration due to root uptake will be 
38 made for carbon-14 and tritium, because a "vegetation concentration" wi II be estimated as the total plant 
39 concentration for these two isotopes (see Section 6.6.2). Also, the untilled soi l depth of2 cm is 
40 considered too shallow to estimate plant concentrations fo r consumption by human and ecological 
4 1 receptors; thus, only root zone soil concentrations (depth of 15 cm for wild produce) and ti lled so il 
42 concentrations (depth of 20 cm for domestic produce) wil l be used to model belowground plants due to 
43 root uptake. 
44 
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1 The following equation calculates the belowground plant concentration due to root uptake for all COPCs 
2 and for all ROPCs, except carbon-14 and tritium: 
3 
4 

5 
6 
7 
8 
9 

LO 
11 

12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 

36 

where: 

Prbg =Cs· Br,·aatveg · VG,aatveg (Eq. 5-20B in HHRAP) 

Cs 

Brraatveg 

VGraatveg 

concentration of COPC or ROPC in belowground plant due to root uptake 
(mg COPC/kg plant tissue DW and pCi ROPC/g plant tissue OW). Prbg is 
calculated separately for domestic vegetation (tilled soil - 20 cm depth) and wi ld 
vegetation (root-zone soil - 15 cm depth) . 

soil concentration (mg/kg for COPCs and pCi/g for ROPCs). Cs is depth-specific 
and calculated in accordance with Section 6.2 (HHRAP equations 5-lB though 
5- IE, as modified for exposure timing and duration) . 

plant-soil bioconcentration factor for belowground plants (unitless) . Note that per 
the HHRAP equation 5-20B, for organic COPCs, Br,.aarveg can be calculated as 
RCF + (Kds x CF), where RCF is the root concentration factor (mL/g), Kds is the 
soil-water partition coefficient (L/kg), and CF is a units-conversion factor of 
1 (kg·mL)/(g· L). Values for RCF, Kds, and Brraarveg are shown in Supplement 4 . 
The values for Br,aatveg in Supplement 4 (organic COPCs) will be compared against 
the calculated mass-limited uptake factors for produce that are described in 
Section 6.6.3.3 (values in Appendix A) , and the smaller of the two values will be 
used in the calculation of the belowground plant concentration due to root uptake 
(Prbg). The use of the smaller value in this comparison prevents the overestimation 
of Prbg, because in some cases, the derived uptake factors (Br,aarveg) are not 
physically possible, leading to the prediction of more chemical being accumulated 
by an organism from the soil than is released from the faci lity and deposited onto 
the soil. In this situation, use of the mass-limited uptake factor prevents the 
overestimation of Prbg· 

empirical correction factor for belowground plants (unitless). For belowground 
plants, the recommended default values (HHRAP Section 5.3.3) for VG,aarveg are 
used: a value of 0.0 l for COPCs and RO PCs with a log10 Kaw 2". 4 and a VG,aarveg 
value of I for COPCs and ROPCs with a log 10 Kaw< 4 (see Table 6-4). If no Kaw 
value exists for a constituent, the model conservatively uses VG,aarveg = 1. Kaw is 
constituent-specific and shown in Supplement 4. 

37 Note that in the equation above, two different so il depths (tilled soil and root-zone so il) will be used 
38 because untilled soi l (2 cm depth) is considered too shallow for plants with root uptake. Domestic root 
39 vegetables grown in tilled so il (20 cm depth) wi ll be used in subsequent human health risk equations for 
40 the resident consuming produce, while wild root vegetables grown in root-zone soil (15 cm depth) wi ll be 
41 used in subsequent human health risk equations for American Indian scenarios where wi ld produce is 
42 gathered and consumed (see Section 7.1.3 for a description of the receptors and exposure pathways). 
43 

44 6.6.3.3 Mass-Limited Soil-to-Plant Uptake Factors 

45 The concentrations of contaminants in plants due to root uptake, for both aboveground and belowground 
46 plants , are a function of the soil concentration and soil-to-plant bioaccumulation uptake factor. Soil 
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concentrations used in the modeling of aboveground and belowground plants due to root uptake will be 
2 from the root-zone depth (15 cm, wild vegetation) and from the tilled soi l depth (20 cm, domestic 
3 vegetation); the untilled soil depth (2 cm) is considered too shallow for the modeling of aboveground and 
4 belowground plants due to root uptake. The uptake factors for organic chemicals recommended in the 
5 HHRAP and SLERAP are calculated from regression equations deve loped for a few chemicals and 
6 exposure situations. In some cases these derived uptake factors are not physically possible because they 
7 predict that an organism will accumulate more chemical from the soil than is released from the facility 
8 and deposited onto the soil. This problem affects a subset of the organic chemicals being evaluated for 
9 the WTP. 

10 
11 For example, if 1 mg of methyl alcohol is deposited per square meter of soil at the point of maximum 
12 deposition ( calculated as [total deposition rate] x[total years of depos ition] x[ units conversion factor]), 
13 then applying the root-to-aboveground produce transfer factor (Brag) recommended by EPA companion 
14 database (EPA 2005) would give a resu lting accumulation of 8.38 mg of methyl alcohol in the 
15 aboveground edible tissues of plants in one growing season in a 1 square meter area ( calculated as 
16 [concentration in soi l]x[EPA uptake factor] x[EPA default value for yield for produce]). This is more 
17 than 8 times the amount of chemical avai lable from 40 years of WTP emissions. This overestimate would 
18 then be carried through the risk assessment. For example, if the aboveground plant concentration were 
19 overestimated by a factor of more than 8, then risk to human and ecological receptors from ingestion of 
20 aboveground plant tissue would also be overestimated by a factor of more than 8. This uptake factor 
21 problem does not apply to all COPCs but is limited to some organic chemicals. Uptake factors for 
22 organic chemicals are calculated using regression equations; uptake factors for inorganic chemicals and 
23 radionuclides are taken from more empirical sources, are sufficiently known, and are not included in this 
24 discussion. 
25 
26 There are a variety of ways that this problem may be corrected, depending on the source of the original 
27 uptake factor and the amount of uptake information available. Possible solutions include: 
28 
29 • Identify published, empirically-derived uptake factors for the organic chemicals, including 
30 development of more representative equations for estimating uptake factors for organic chemicals. 

3 1 • Conduct laboratory experiments to measure realistic, site-specific, uptake factors . 

32 • Calculate "mass-limited" uptake factors that assume all of the chemical deposited onto the soil is 
33 taken up by an organism. 

34 
35 For this risk assessment, the calculation of "mass-l imited" uptake factors has been determined to be the 
36 most reasonable option and will been performed. Maximum (mass-limited) uptake factors based on 
37 simple conservation of mass (that is , that result in transfer of 100 % of the deposited chemical into the 
38 receiving organism, but no more) can be calculated. These calcu lations can be shown to be a function of 
39 the soil dens ity and the plant yield. Since the soil dens ity is dependent on the soi l depth, and since the 
40 root-zone and untilled soil depths apply to the plant concentration due to root uptake, separate 
4 1 determinations of the so il-to-p lant, mass-limited uptake factor must be made for these two depths. 
42 
43 The initial soi l-to-plant, mass- limited uptake factor (i.e., before adjustments are made for the length of 
44 operation for the facility and to divide aboveground and belowground produce) is calculated as: 
45 
46 Initial Uptake Factor = Soil Density 7 Plant Yield 
47 
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initial calculation of soi I-to-plant uptake factor (kg soil/m2 per kg OW 
plant/m2

). 

soi l density (kg soil/m2
) , calculated as bulk density (in kg soil/m3

) 

times soil depth (in meters) (that is, mass per area for a specific depth) . 
For example, using a so il bulk density of 1.3 g/cm3 

( 1300 kg/m3
) and a 

soil depth of 15 cm (0.15 m), the soil density is 
(1300 kg/m3

) (0 .15 m) = 195 kg/m2
. The soi l density for tilled so il 

(that is, at the 20 cm depth) is (1300 kg/m3
) (0.2 m) = 260 kg/m2

. Both 
soil depths are used to estimate separate mass-limited uptake factors. 

yield for the plant (kg OW plant/m2
). Plant yields used are 2.24 kg/m2 

for aboveground produce (EPA 2005), 0 .25 kg/m2 for belowground 
produce (USDA 2009; Baes et. al. 1984), 0 .15 kg/m2 for forage 
(Wisiol 1984), 0.8 kg/m2 for silage (EPA 2005), and 0.25 kg/m2 for 
grain (Baes et al. 1984, Figure 4.14); see Table 6-4. 

As seen above, the initial soi l-to-plant, mass-limited uptake factor is a function of the soi l density (wh ich 
is dependent on the depth of soil) and the plant yield. These mass-limited uptake factors assume that: 

21 • In one growing season, the plant takes up all of the chemical deposited over 40 years. 

22 • The plant concentrates all of the deposited chemical into the aboveground edible portion of the plant. 

23 
24 These assumptions directly contradict other assumptions recommended in the risk assessment guidance 
25 (EPA 2005): 
26 
27 • If the plant takes up the entire deposited chemical in one growing season, a human receptor cannot be 
28 exposed to this concentration for the recommended exposure durations (which are longer than one 
29 year for the various adult receptors). 

30 • If plants take up all of the deposited chemical in the aboveground portion, the concentration in the 
31 belowground portion (i .e. , root vegetables) must be zero . 

32 
33 To prevent this contradiction, reasonable maximum uptake facto rs can be calculated usi ng the following 
34 assumptions: 
35 
36 • The plants take up one year's worth of deposition each growing season so that for each year of 
37 exposure, the plants take up all the deposition available that year. 

38 • The plants take up one-half of the available chemical into the edible aboveground portion and 
39 one-half into the edible belowground portion. 

40 
41 Using these assumptions, reasonable maximum uptake facto rs can be calculated as : 
42 
43 Mass-limited Uptake Factor = Initial Uptake Factor x Modifying Factor 
44 
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final mass-limited, soil-to-plant uptake factor (kg soi l/m2 per kg 
DW plant/m2

) 

initial estimate of uptake factor (Soil Density -c- Plant Yield) 

adjustments necessary for aboveground versus belowground 
portions of the plant and for operating duration of the facility 
that is producing emissions 

There are two types of modifying factors used to estimate the mass-limited uptake factor; these modifying 
factors are dependent on the type of plant (e.g., produce, forage , silage, and grain). One type of 
modifying factor is applied to plant types that have both aboveground and belowground concentrations. 
For produce, a modifying factor of 1/2 is applied to aboveground produce due to root uptake, and a 
modifying factor of 1/2 is applied to belowground produce due to root uptake (so as to equally divide the 
mass-limited uptake factor between aboveground and belowground produce due to root uptake). 
However, this modifying factor related to aboveground as compared to belowground is not applied to 
forage, silage, or grain, since the edible portions of these plant types are all totally aboveground. The 
second type of modifying factor (a modifying factor of 1/40) is used to apportion the depositions over the 
40-year duration of the facility. This second type of modifying factor is applied to produce, silage, and 
grain because these products will be harvested and the chemicals in them removed from the soil. This 
40-year modifying factor is not applied to forage because some of the forage will remain and decay in 
place, thus returning the chemicals to the soil. Therefore, the modifying factors (combining the two types 
of modifying factors , as appropriate) are: 

25 • 1/80 for aboveground produce due to root uptake (1 /2 x 1/40) 

26 • 1/80 for belowground produce due to root uptake (1/2 x 1/40) 

27 • I for forage (no modifying factor applied) 

28 • 1/40 for silage (1 /2 modifying factor not applied) 

29 • 1/40 for grain (1 /2 modifying factor not applied) 

30 
31 All of the modifying factors will be used for human health exposure pathways. In contrast, ecological 
32 receptors are assumed to consume only forage, so a modifying factor is not used for ecological receptors . 
33 
34 Soil-to-plant, mass-limited uptake factors are calculated in Appendix A. The final step in this mass-
35 limited uptake factor approach is to compare the uptake factors as calculated per the HHRAP guidance 
36 (EPA 2005) to these calculated mass-limited uptake factors , on a chemical-by-chemical basis for 
37 organic CO PCs. The smaller of the two values will be used in the estimation of plant concentrations. 
38 
39 6.7 Other Media 

40 Modeling for various animal products (such as wild game and fish) is al so necessary for this risk 
41 assessment. However, since this modeling effort is slightly different for the human health risk 
42 assessment (HHRA), as opposed to the ERA, the modeling will be described in Section 7.1.7.5 for 
43 human health receptors and in Section 8.2.3 .1 for ecological receptors. 
44 

Page 6-36 



2 
3 
4 
5 
6 
7 
8 
9 

lO 
11 

12 

13 
14 

24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

6.8 Uncertainty in Fate and Transport Modeling 

Uncertainties wi ll be presented in the risk assessment for each aspect of the environmental fate and 
transport modeling. This includes air dispersion modeling, soil accumulation modeling, surface water 
modeling, sediment modeling, and plant accumulation modeling. The uncertainty assessment will be 
presented in the form of both text and tables summarizing the primary contributors and potential 
magnitude of uncertainties. 

A variety of conservative assumptions are used throughout the modeling process to compensate for 
uncertainties. Some important sources of uncertainty in each type of modeling are summarized in the 
following sections. 

6.8.1 Uncertainty in Air Dispersion Modeling 

A number of sources of uncertainty exist in the air dispersion modeling, such as: 

15 • Input values, such as stack emission characteristics 

16 • Emission rates of individual COPCs and ROPCs 

17 • Upset factor multipliers used to bound emissions of COPCs and ROPCs 

18 • Meteorological data 

19 • Accurate simulation of the atmospheric dispersion of emissions plume from each stack 

20 
21 Some of these uncertainties are based on the limited data available, such as estimated emission rates as 
22 described in Section 5.5. Other uncertainties become larger when the model is used at the limits of its 
23 normal application (for instance, in very complex terrain as distances from the source increase). 
24 
25 6.8.2 Uncertainty in Soil Accumulation Modeling 

26 Estimating soil concentrations incorporates numerous uncertainties, which are inherent in the assumptions 
27 that are the basis for the calcu lations. Examples of uncerta inty in the parameters would be soi l mixing 
28 depth, soi l bulk density, and volumetric water content, which are assigned a single value, but may vary 
29 widely over a re latively small area. The concentration of COPCs and ROPCs in soil will be subject to 
30 loss due to biotic and abiotic degradation; however, transformation and subsequent increase of secondary 
31 COPCs (that is, degradation products) will not be considered in the assessment. Transformation of 
32 ROPCs and formation of daughter products will be included in th is assessment through the use of toxicity 
33 values (slope factors) that include daughter products. 
34 

35 6.8.3 Uncertainty in Surface Water Accumulation Modeling 

36 Uncertainty in the estimation of surface water and fish concentrations of COPCs and ROPCs results from 
37 the assumptions used in the calculations. The equations assume that the water body reaches a steady-state 
38 condition; however, for application to the Columbia River and any other flowing surface water, this 
39 assumption is extremely conservative. Additionally, many of the equations used to model the fate of 
40 COPCs and ROPCs deposited into the water body greatly simplify the mechanisms occurring within such 
41 a dynamic system and may overestimate or underestimate the concentration of given COPCs and RO PCs 
42 in the surface water. It is also assumed that the maximum deposition of COPCs and ROPCs occurs over 
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I the entire depositiona l area of the water body, which is a source of additional uncertain ty and 
2 conservati sm. 
3 
4 6.8.4 Uncertainty in Sediment Accumulation Modeling 

5 There is uncertainty in ass igning COPCs exclusively to either water column or bed sediment for purposes 
6 of estimating fi sh-tissue concentrations as described in the HHRAP and concentrations of other organisms 
7 as described in the SLERAP. The problem is that this approach to partitioning COPCs in the aquatic 
8 environment may not refl ect the multiple pathways by which di fferent kinds of organisms are potentially 
9 exposed to any given contaminant. 

10 
11 The EPA approach estimates concentrations of organisms using bioconcentration factors (BCFs) and 
12 dissolved water concentrations for COPCs with low values for K0 w, bioaccumulation factors (BAFs) and 
13 whole-water concentrations for COPCs with moderate va lues for K0 w, and BAFs and sediment 
14 concentrations for CO PCs with high values for Kow· The uncertainty lies in the source and meaning of the 
15 di fferent biotransfer fac tors used for the different media. If the EPA (2005) biotransfer factors do not 
16 incorporate all the pathways to all organisms from the s ingle medium where each COPC is assumed to 
17 predominate, then the exposure will be underestimated. It is unlikely that the EPA transfer factors 
18 account for all pathways relevant to all fi sh. 
19 
20 Fish take up contaminants into their tissue via the water in contact with their gills and via the ingestion of 
2 1 water, abiotic particulates, and biota. Some organi sms wil l be primarily exposed by one pathway, while 
22 others w ill be exposed over multiple pathways: 
23 
24 • Dissolved contaminants are primarily taken up across the gill membrane; thus, all organisms li ving in 
25 the water column will be exposed to dissolved contaminants. 

26 • Filter-feeding organisms, which usually live in the water column, wi ll also be ex posed to 
27 contaminants bound to suspended particulates that they filter out of the water and ingest. 

28 • Sediment-ingesting organisms that live in the water column will also be exposed to sediment 
29 contaminants by direct ingestion. 

30 • Predatory fi sh, which are also water-column dwellers, wi ll also be exposed to di ssolved, 
3 I particulate-bound, and sediment contaminants by ingesting prey that were so exposed, as well as by 
32 direct uptake from the water column and ingestion of suspended particulates. 

33 
34 In fact, there are probably few organisms that are exposed to only dissol ved contaminants, perhaps only 
35 those that live in the water column and selectively feed on planktonic animals to the exclusion of abiotic 
36 particulates. Therefore, assigning each contaminant to a particular class of media ( di ssolved water, whole 
37 water, and bed sediment) based on its tendency to adsorb to particles or organic carbon, potentially 
38 neglects pathways from other media. Further discussion of uncertainty related to these pathways is 
39 presented in the ecological section (Section 8.6) of this work plan . 
40 
41 6.8.5 Uncertainty in Plant Accumulation Modeling 

42 Calculation of COPC and ROPC concentrat ions in biota incorporates the uncertainties inherent in 
43 calculation of air and soil concentrations because the air and soi l are the sources of CO PCs and RO PCs to 
44 plants. Uncertainties also arise fro m the assumption that the location of maxi mum soil concentration is 
45 the location of exposure to biota over a mul tipl e-year peri od. Additionally, although CO PCs and RO PCs 
46 are incorporated into plants and animal tissue, it is assumed that the COPC and ROPC concentration in 
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1 soil does not decrease due to these processes. Assumptions of the animal feed ingestion rates introduce 
2 additional uncertainty because they are based on average rates. 
3 
4 Additional pathways, such as fugitive dust emissions or entrainment of soil in rainwater splash, may 
5 contribute to COPC and ROPC concentrations in biota. However, no equations are available to quantify 
6 these pathways. In addition, the chemical transport through inedible portions of plants (such as corn 
7 husks) may contribute to COPC and ROPC concentrations in edible portions of plants (such as corn 
8 kernel). Transfer factors for this type of chemical transport are not available. 
9 

10 6.9 Summary of Environmental Modeling 

11 Air dispersion modeling will be used to determine COPC- and ROPC-specific concentrations and 
12 deposition rates resulting from emissions of the WTP. The assessment area extends to a 50-km radius 
13 from the WTP. These results will be used as input into the human health and ecological risk assessments. 
14 
15 The CALPUFF model will be used for the air-quality modeling task. The WTP emissions, as determined 
16 by the design engineers, and 5 years of upper air and Hanford Site meteorological data collected by the 
17 Hanford Site Meteorological Station network will be used as input into the model. The COPC and 
18 ROPC-specific concentrations and deposition rates will be calculated at a gridded network of receptors 
19 and at specific sensitive receptors identified by the risk assessment analysts. 
20 
21 Fate and transport modeling will be used to estimate COPC and ROPC concentrations in various exposure 
22 media (air, soil, surface water, sediment, plants, and animal tissue). This modeling effort will utilize 
23 assumed emissions rates with a combination of site-specific and default parameters to describe the 
24 movement of COPCs and ROPCs through the environment. This modeling is predictive and cannot be 
25 confirmed by sampling environmental media since the emissions source does not yet exist. The 
26 uncertainty associated with this predictive modeling is addressed through the use of conservative 
27 assumptions whenever possible. Estimated media concentrations resulting from this modeling effort will 
28 be used in the exposure assessment for the human health (Section 7) and ecological (Section 8) risk 
29 assessments. Environmental modeling will be the same for the PRA and final risk assessment (FRA) with 
30 the possible inclusion of additional site-specific modeling parameters in the FRA. 
31 
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Table 6-1 CALMET Model Input Assumptions 

Level 1 2 3 4 5 6 7 8 9 

Cell face 
20 40 80 160 320 670 1400 2600 4000 

heights (m) 

BIAS 0 0 0 0 0 0 0 0 0 

Other IEXTRP Rl R2 RMAX l RMAX2 
CALMET 
parameters 4 10 12 12 12 

Scavenging Coefficient For Wet Deposition 

Species 
Species Liquid Frozen 

Abbreviation Precipitation Precipitation 

Pretreatment Facility Vapor Concentration PTFV 0.00017 0.00006 

Pretreatment Facility Particulate Concentration ( I micron) PTFPI 0.00005 0.0000 17 

Pretreatment Facility Particulate Concentration (2.5 micron) PTFP25 0.00005 0.0000 17 

LAW Facility Vapor Concentration LAWV 0.000 17 0.00006 

LAW Facility Particulate Concentration ( I micron) LAWPI 0.00005 0.000017 

LAW Facil ity Particu late Concentration (2.5 micron) LAWP25 0.00005 0.0000 I 7 

HLW Facility Vapor Concentration HLWV 0.000 17 0.00006 

HLW Faci lity Particu late Concentration (1 micron) HLWPI 0.00005 0.000017 

HLW Faci lity Particu late Concentration (2 .5 micron) HLWP25 0.00005 0.0000 17 

Reference: 24590-WTP-RPT-E V-08-00 I, Rev I , Hanford Tank Waste Treatment and Immobilization Plant Risk Assessment 
Air Quality Modeling Protocol, Supplement 5 
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Table 6-2 Site-Specific Parameters Used in Modeling Soil Concentrations 

Parameter Value Units Source or Reference 

Total watershed area 3.927 x l09 m2 Value estimated as half of the study area 
receiving deposition 
(AL) 

Soil bulk density 1.3 g/cm3 Halvorson JJ, McCool DK, King LG, and Gatto LW. 1998. 
(BD) Ground Freezing Effects on Soil Erosion of Army Training 

Lands. Part 2. Overwinter Changes to Tracked- Vehicle Ruts, 
Yakima Training Center, Washington, Special Report 98-8. 
Cold Regions Research and Engineering Laboratory, US Army 
Corps of Engineers. 

USLE cover 0.1 unitless Table B-4-13 of EPA, 2005, Human Health Risk Assessment 
management factor Protocol for Hazardous Waste Combustion Facilities, 
(C) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Available at 
bttp://www.epa.gov/epaoswer/hazwaste/combust/risk.htm 
(dense vegetative cover assumed) . 

Soil enrichment Inorganics: I unitless Table B-1-3 of EPA, 2005, Human Health Risk Assessment 
ratio (ER) 

Organics: 3 
Protocol for Hazardous Waste Combustion Facilities, 
EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Average annual 16.8 cm/yr Wisiol K. 1984. "Estimating Grazingland Yield from 
evapotransp iration Commonly Available Data," in J. Range Mgmt. , Volume 37, 
(Ev) Issue 5, p 471-475, September 1984. 

Average annual 0 cm/yr assumed value 
irrigation (I) 

USLE erodibility 0.39 ton/acre Table B-4-13 of EPA, 2005, Human Health Risk Assessment 
factor (K) Protocol for Hazardous Waste Combustion Facilities, 

EPA/53 0/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

USLE length-slope 1.5 unitless Table B-4-13 of EPA, 2005, Human Health Risk Assessment 
factor (LS) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Page 6-43 



24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

Table 6-2 Site-Specific Parameters Used in Modeling Soil Concentrations 

Parameter 

Average annual 
precipitation (P) 

Value 

18.47 

USLE supporting 1 
practice factor (PF) 

Ideal Gas Law 0.08205746 
Constant (R) 

USLE rainfall (or 20 
erosivity) factor 
(RF) 

Average annual 2.5 
surface runoff from 
pervious areas (RO) 

Units 

cm/yr 

Source or Reference 

Average annual precipitation computed from Hanford 
Environmental Reports, years 2002 through 2006; 

PNNL. 2003. Hanford Site Environmental Report for Calendar 
Year 2002. PNNL-14295, Pacific Northwest National 
Laboratory, Richland, Washington, September 2003 . 

PNNL. 2004. Hanford Site Environmental Report for Calendar 
Year 2003. PNNL-14687, Pacific Northwest National 
Laboratory, Rich land, Washington, September 2004. 

PNNL. 2005 . Hanford Site Environmental Report for Calendar 
Year 2004. PNNL-15222, Pacific Northwest ational 
Laboratory, Richland, Washington, September 2005. 

PNNL. 2006. Hanford Site Environmental Report for Calendar 
Year 2005. PNNL-15982, Pacific Northwest National 
Laboratory, Richland, Washington, September 2006. 

P L. 2007 . Hanford Site En vironmental Report for Calendar 
Year 2006. PNNL-16623, Pacific orthwest ational 
Laboratory, Richland, Washington, September 2007. 

unitless Table B-4-13 of EPA, 2005 , Human Health Risk Assessment 
Protocol for Hazardous Waste Combustion Facilities , 
EP N530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http: //www. epa. gov/ epaoswer/hazwaste/ com bust/risk. htm. 

L-atm/ Wikimedia Foundation, Inc ., St. Petersburg, Florida 
mol -°K (http ://en.wikipedia.org/wiki/Uni versal_gas _ constant, accessed 

July 2006) 

yr-1 Site-specific value from Figure I of Wischmeier and Smith 
1978. 

cm/yr Estimated: assumes the majority of rainfall recharges or 
evaporates 
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Table 6-2 Site-Specific Parameters Used in Modeling Soil Concentrations 

Parameter Value Units Source or Reference 

Ambient 286 OK Average ambient air temperature computed from Hanford 
temperature (Ta) Environmental Reports, years 2002 through 2006; 

PNNL. 2003 . Hanford Site Environmental Report for Calendar 
Year 2002. PNNL-14295, Pacific orthwest National 
Laboratory, Richland, Washington, September 2003 . 

PNNL. 2004. Hanford Site Environmental Report for Calendar 
Year 2003 . PNNL-14687, Pacific Northwest Nationa l 
Laboratory, Richland, Washington, September 2004. 

PNNL. 2005 . Hanford Site Environmental Report for Calendar 
Year 2004. PNNL-15222, Pacific Northwest National 
Laboratory, Richland, Washington, September 2005 . 

PNNL. 2006. Hanford Site Environmental Report f or Calendar 
Year 2005 . PNNL-15982, Pacific orthwest ational 
Laboratory, Richland, Washington, September 2006. 

PNNL. 2007 . Hanford Site Environmental Report for Calendar 
Year 2006. PNNL-16623 , Pacific orthwest National 
Laboratory, Richland, Washington, September 2007. 

Water body 285 OK Average median Columbia River temperature (Vernita Bridge 
temperature (T.,,k) measurement) computed from Hanford Environmental Reports, 

years 2002 through 2006; 

PNNL. 2003. Hanford Site Environmental Report for Calendar 
Year 2002. PNNL-14295, Pacific Northwest National 
Laboratory, Richland, Washington, September 2003 . 

PNNL. 2004. Hanford Site Environmental Report for Calendar 
Year 2003 . PNNL-14687, Pacific Northwest National 
Laboratory, Richland, Washington, September 2004. 

PNNL. 2005. Hanford Site Environmental Report for Calendar 
Year 2004. PNNL-15222, Pacific Northwest National 
Laboratory, Richland, Washington, September 2005. 

PNNL. 2006. Hanford Site Environmental Report fo r Calendar 
Year 2005. PNNL-15982, Pacific Northwest National 
Laboratory, Richland, Washington, September 2006. 

PNNL. 2007. Hanford Site Environmental Report fo r Calendar 
Year 2006. PNNL- 16623 , Pacific Northwest National 
Laboratory, Richland, Washington, September 2007. 

Empirical intercept 0.6 unitless Table B-4-14 of EPA, 2005, Human Health Risk Assessment 
coefficient (a) Protocol/or Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 
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Table 6-2 Site-Specific Parameters Used in Modeling Soil Concentrations 

Parameter Va lue Units Source or Reference 

Empirical slope 0.1 25 unitless Table B-4-14 of EPA, 2005, Human Health Risk Assessment 
coefficient (b) Protocol for Hazardous Waste Combustion Facilities, 

EP N530/R-05l006 , US Environmental Protect ion Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Fracti on of organic 0.0044 unitless Average TOC. CC 150854, E-mail fro m Jerry Yokel , 
carbon in soi l ifoc,s) Washington Department of Eco logy, to David Blumenkranz, 

WTP, Ecology Sample Results (so il TOC and pH) , January 02, 
2007, Richland , Washington. 

Soi l vo lumetric 0.2 mL/cm3 Table B- 1-3 of EPA, 2005, Human Health Risk Assessment 
water content (Bsw) Protocol for Hazardous Waste Combustion Facilities , 

EP N530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk. htm. 

Solids parti cle 2.7 g/cm3 Table B-1-6 of EPA, 2005 , Human Health Risk Assessment 
density (p.0;1) Protocol for Hazardous Waste Combustion Facilities , 

EP N530/R-05/006, US Env ironmental Protection Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 
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Table 6-3 Site-Specific Parameters Used in Modeling Surface Water and Sediment 

Parameter Value Units Source or Reference 

Area of impervious 0 m2 Estimated: assumes deposited COPCs are all mixed with soil 
watershed receiving 
deposition (A 1) 

Total watershed area 3.927 x!09 m2 Value estimated as half of the study area 
receiving deposition 
(A L) 

Water body surface 3.652 X )07 m2 PNNL. 2005 . Hanford Site National Environmental Policy Act 
area (A w) (NEPA) Characterization, PNL-6415 , Rev 17, September 2005, 

Pacific Northwest National Laboratory, Richland, Washington. 
(Sect. 4 , pg 41 , footnote a) 

Soil bulk density 1.3 g/cm3 Halvorson JJ, McCool DK, King LG, and Gatto LW. 1998. 
(BD) Ground Freezing Effects on Soil Erosion of Army Training 

Lands. Part 2. Overwinter Changes to Tracked-Vehicle Ruts, 
Yakima Training Center, Washington, Special Report 98-8. 
Cold Regions Research and Engineering Laboratory, US Army 
Corps of Engineers . 

USLE cover 0.1 unitless Table B-4-13 of EPA, 2005, Human Health Risk Assessment 
management factor Human Health Risk Assessment Protocol for Hazardous Waste 
(C) Combustion Facilities, EP A/530/R-05/006, US Environmental 

Protection Agency, Washington, DC. Avai lable at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 
(dense vegetative cover assumed) 

Bed sediment I g/cm3 Table B-4-22 of EPA, 2005 , Human Health Risk Assessment 
concentration (C8s) Protocol fo r Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

USLE erodibility 0.39 ton/acre Table B-4-13 of EPA, 2005, Human Health Risk Assessment 
factor (K) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Avai lab le at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htrn. 

Gas-Phase Transfer 36500 m/yr Calculated value per Table B-4-21 in EPA, 2005 , Human 
Coeff. (Ka) Health Risk Assessment Protocol for Hazardous Waste 

Combustion Facilities, EP A/530/R-05/006, US Environmental 
Protection Agency, Washington, DC. Available at 
http ://www. epa. gov/ epaoswer/hazwaste/ combus t/ri sk. h tm. 

USLE length-slope 1.5 uni tless Table 8-4-13 of EPA, 2005, Human Health Risk Assessment 
factor (LS) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 
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Table 6-3 Site-Specific Parameters Used in Modeling Surface Water and Sediment 

Parameter Value Units Source or Reference 

USLE supporting I unitless Table B-4-1 3 of EPA, 2005 , Human Health Risk Assessment 
practice fac tor (PF) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Enviro nmental Protecti on Agency, 
Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk. htm. 

Ideal Gas Law 0.08205746 L-atm/ Wikimedia Foundation, Inc., St. Petersburg, Florida 
Constant (R) mol-°K (http://en.wikipedia.org/wiki/Universal_gas _ constant, accessed 

Jul y 2006) 

USLE rainfa ll (or 20 I/yr Site-specific value fro m Figure I of Wischmeier and Smith 
eros ivity) fac tor 1978 . 
(RF) 

Average annual 2.5 cm/yr Estimated: assumes the majori ty of ra infall recharges or 
surface runoff fro m evaporates 
pervious areas (RO) 

Total suspended 10 mg/L Table B-4-1 6 of EPA, 2005, Human Health Risk Assessment 
so lids concentra tion Protocol fo r Hazardous Waste Combustion Facilities, 
(TSS) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Ava ilable at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Water body 285 OK Average median Columbia River temperature (Vernita Bridge 
temperature (Twk) measurement) computed fro m Hanford Environmenta l Reports, 

years 2002 thro ugh 2006; 

PNNL. 2003. Hanford Site Environmental Report for Calendar 
Year 2002. PNNL-14295 , Pacific Northwest National 
Laboratory, Richland, Washington, September 2003. 

PNNL. 2004. Hanford Site Environmental Report for Calendar 
Year 2003. PNNL-1 4687, Pacific North west National 
Laboratory, Richland, Washington, September 2004. 

PNNL. 2005. Hanford Site Environmental Report for Calendar 
Year 2004. PNNL-15222, Paci fi e Northwest National 
Laboratory, Ri chland, Washington, September 2005. 

PNNL. 2006. Hanford Site Environmental Report for Calendar 
Year 2005. PNNL- 15982, Pacific Northwest National 
Laboratory, Richland, Washington , September 2006. 

PNNL. 2007. Hanford Site Environmental Report for Calendar 
Year 2006. PNNL-1 6623 , Paci fic Northwest Nati onal 
Laboratory, Richland, Washington, September 2007. 

Average vo lumetric l.060 x J0 11 m3/yr PNNL. 2002. An Initial Assessment of Hanford Impact 
flow rate through Performed with the System Assessment Capability, 
water body ( Vfx) PNNL-14027, Pac ific Northwest National Laboratory. 

Richland, Washington (based on 3360 m3/sec for Priest Rapids) 
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Table 6-3 Site-Specific Parameters Used in Modeling Surface Water and Sediment 

Parameter Va lue Units Source or Reference 

Empirical intercept 0.6 unitless Table 8-4-14 of EPA, 2005, Human Health Risk Assessment 
coefficient (a) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Empirical slope 0. 125 unitless Table 8-4-14 of EPA, 2005, Human Health Risk Assessment 
coeffic ient (b) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmenta l Protection Agency, 
Washington, DC. Availab le at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Depth ofupper 0.03 m Tab le 8-4-15 of EPA, 2005, Human Health Risk Assessment 
benthic sediment Protocol for Hazardous Waste Combustion Facilities, 
layer (dbs) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Depth of water 8.65632 m Columbia Basin Research. 1996. Columbia River Salmon 
column (d,.'C) Passage Model CriSP. 1.5 Theory, Calibration & Validation 

Manual, Copyright © 1996. Avail ab le at 
http ://www.cbr.washington.edu/cri sp/models/c ri sp I manual/theo 
ry/theory.mifl 4 .html (Hanford Reach fu ll poo l depth at the 
downstream end of the segment, accessed July 2006.) 

Temperature 1.026 unitless Table 8-4-19 of EPA, 2005, Human Health Risk Assessment 
correction factor (0) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Bed sediment 0.6 L(water)/ Table 8-4-16 of EPA, 2005, Human Health Risk Assessment 
porosity (0bs) L(sed iment) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Avai lab le at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Soil volumetric 0.2 mL/cm3 Table 8-1-3 of EPA, 2005, Human Health Risk Assessment 
water content ( 0sw) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Availab le at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Current velocity (u) 1.37 mis Columbia Basin Research. 1996. Columbia Ri ver Salmon 
Passage Model CriSP. l .5 Theory, Calibration & Validation 
Manual, Copyright © 1996. Availab le at 
http ://www.cqs.washington.edu/crisp/models/crisp I rnanual/theo 
ry/theory.rnifl4.html. (Accessed in 2002.) Used John Day Free 
flow rate of 4.5 ft/sec. 
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Table 6-4 Site-Specific Modeling Parameters for Estimating Exposure Point Concentrations in 
Plants 

Parameter Value Units Source or Reference 

Fraction of COPC 0.2 for anions unitless Table B-3-7 of EPA, 2005 , Human Health Risk Assessment 
wet deposition that 

0.6 for cations 
Protocol for Hazardous Waste Combustion Facilities, 

adheres to plant 
and organics 

EPA/530/R-05/006, US Environmental Protection Agency, 
surfaces (F w) Washington , DC. Available at 

http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Interception fraction 0.39 unitless Section 5.3.1.1 of EPA, 2005 , Human Health Risk Assessment 
of the edible portion Protocol for Hazardous Waste Combustion Facilities , 
of plant (Rp) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Interception fraction 0.5 unitless Section 5.3. 1.1 of EPA, 2005, Human Health Risk Assessment 
of the edible portion Protocol for Hazardous Waste Combustion Facilities, 
of forage (RP forage) EP A/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Available at 
http: //www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Interception fraction 0.053 unitless Section 5.3 . 1.1 of EPA, 2005 , Human Health Risk Assessment 
of the edible portion Protocol for Hazardous Waste Combustion Facilities , 
of fruit (RPJru;,) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington , DC. Available at 
http: //www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Interception fraction 0.46 unitless Section 5.3. 1.1 of EPA, 2005 , Human Health Risk Assessment 
of the edible portion Protocol for Hazardous Waste Combustion Facilities, 
of silage (RPsilage) EPA/530/R-05/006, US Environmental Protection Agency, 

Wash ington, DC. Available at 
http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Interception fraction 0.982 unitless Section 5.3 .1.1 of EPA, 2005 , Human Health Risk Assessment 
of the edible portion Protocol for Hazardous Waste Combustion Facilities, 
of vegetation (RPveg) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC, USA. Available at 
http://www. epa. gov/ epaos wer/hazwaste/ comb ust/risk. htrn. 

Length of plant 0.164 yr Calculated value per Eq. 5-16 in EPA, 2005 , Human Health Risk 
exposure to Assessment Protocol for Hazardous Waste Combustion 
deposition per Facilities, EPA/530/R-05/006, US Environmental Protection 
harvest (Tp) Agency, Washington, DC. Available at 

http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Length of forage 0.12 yr Section 5.4.1 .2 of EPA, 2005 , Human Health Risk Assessment 
exposure to Protocol for Hazardous Waste Combustion Facilities, 
deposition per EPA/530/R-05/006, US Environmental Protection Agency, 
harvest (TPJorage) Washington, DC. Available at 

http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Length of silage 0.16 yr Section 5.4.1 .2 of EPA, 2005 , Human Health Risk Assessment 
exposure to Protocol for Hazardous Waste Combustion Facilities, 
deposition per EPA/530/R-05/006, US Environmental Protection Agency, 
harvest (TPsilage) Washington, DC. Available at 

http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 
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Table 6-4 Site-Specific Modeling Parameters for Estimating Exposure Point Concentrations in 
Plants 

Parameter Value Units Source or Reference 

Empirical 0.01 for unitless Section 5.3.2.1 of EPA, 2005, Human Health Risk Assessment 
correction factor for log Kow > 4 Protocol for Hazardous Waste Combustion Facilities , 
aboveground 

1.0 for 
EPA/530/R-05/006, US Environmental Protection Agency, 

produce (VGag) 
log K0 w < 4 

Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Empirical 1 unit less Section 5.4.2. 1 of EPA, 2005, Human Health Risk Assessment 
correction factor for Protocol for Hazardous Waste Combustion Facilities, 
forage (VGagJorage) EPA/530/R-05/006, US Environmental Protection Agency, 

Wash ington, DC. Availab le at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Empirical 0.5 unitless Section 5.4.2.1 of EPA, 2005, Human Health Risk Assessment 
correction factor for Protocol for Hazardous Waste Combustion Facilities, 
silage (VGag_silage) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Correction factor 0.01 for unitless Section 5.3 .3 of EPA, 2005, Human Health Risk Assessment 
for belowground log Kow > 4 Protocol for Hazardous Waste Combustion Facilities, 
produce ( VG rootveg) 

1.0 for 
EP A/530/R-05/006, US Environmental Protection Agency, 

log K0 w < 4 
Washington, DC. Avai lable at 
http://www. epa. gov /epaoswer/hazwaste/ comb ust/ri sk. htm. 

Yield or standing 2.24 kgDW/m2 Section 5.3.1.4 of EPA, 2005 , Human Health Risk Assessment 
crop biomass of the Protocol for Hazardous Waste Combustion Facilities, 
edible portion of EP N530/R-05/006, US Environmental Protection Agency, 
plant (Yp) Washington, DC. Available at 

http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Yield or standing 0.25 kgDW/m2 A yield of600 cwt (WW)/acre (6.72 kg/m2
) was assumed based 

crop biomass of the on USDA 2009 data for potatoes and onions. A conversion 
edib le portion of factor of 0.173 kg(DW)/kg(WW) (Baes et. al. 1984, Table 2.3, 
below-ground potato and onion average) is applied resulting a dry weight yield 
produce (Ypbg) of 1.17 kg/m2 

Yield or standing 0.25 kgDW/m2 Baes et al. 1984, Figure 4.14 
crop biomass of the 
edible portion of 
grain (Ypgra;11 ) 

Yield or standing 0. 15 kgDW/m2 Wisiol K. 1984. "Estimating Grazingland Yield from 
crop biomass of the Commonly Available Data," in J. Range Mgmt. , Volume 37, 
edible portion of Issue 5, p 471-475, September 1984.) 
forage (YPJorage) 

YPJorage = (1 ,500 kg/ha) x ( I ha / I 0,000 m2
) 

= 0. 15 kg/m2 dry weight. 
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Table 6-4 Site-Specific Modeling Parameters for Estimating Exposure Point Concentrations in 
Plants 

Parameter Va lue Units Source or Reference 

Yield oftbe edible 0.25 kg DW/m2 Section 5.3.1 .4 of EPA, 2005, Human Health Risk Assessment 
portion of fruit Protocol for Hazardous Waste Combustion Facilities, 
(YP/rnit) EPA/530/R-05/006, US Environmental Protection Agency, 

Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Yield or standing 0.8 kg DW/m2 Section 5.4.1 .4 of EPA, 2005, Human Health Risk Assessment 
crop biomass of the Protocol for Hazardous Waste Combustion Facilities, 
edib le portion of EPA/530/R-05/006, US Environmental Protection Agency, 
silage (Yp,;tage) Washington, DC. Available at 

http ://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Yield or standing 5.66 kg DW/m2 Section 5.3.1.4 of EPA, 2005, Human Health Risk Assessment 
crop biomass of the Protocol for Hazardous Waste Combustion Facilities, 
edible portion of EPA/530/R-05/006, US Environmental Protection Agency, 
vegetation (YPveg) Washington, DC. Available at 

http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Plant surface loss 18 yr -I Section 5.3.1.2 of EPA, 2005, Human Health Risk Assessment 
coefficient (/..p) Protocol for Hazardous Waste Combustion Facilities, 

EPA/530/R-05/006, US Environmenta l Protection Agency, 
Washington, DC. Availab le at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 

Density of air (p0 ;,) 0.0012 g/cm3 Table 8-4-21 of EPA, 2005, Human Health Risk Assessment 
Protocol for Hazardous Waste Combustion Facilities, 
EPA/530/R-05/006, US Environmental Protection Agency, 
Washington, DC. Available at 
http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm. 
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Figure 6-8 Soil Concentration with Time 
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Figure 6-9 Mercury Emissions Fate and Transport Assumptions 
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7 Screening Human Health Risk Assessment 

2 The HHRA process includes four fundamental components: (1) data evaluation, (2) exposure assessment, 
3 (3) toxicity assessment, and (4) risk characterization. The data evaluation step is the selection of CO PCs 
4 and ROPCs discussed in Section 4 of this work plan, and the quantification of emissions discussed in 
5 Section 5. Each of the remaining three components is discussed below: 
6 
7 • Exposure assessment - Section 7 .1 

8 • Toxicity assessment - Section 7.2 

9 • Risk characterization - Section 7.4 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

The SLRA is designed to identify, early in the process, any potential risks associated with the WTP. The 
SLRA has been designed to overestimate potential risks by using conservative exposure assumptions 
combined with conservative toxicity values. The HHRA is one part of the SLRA that focuses on human 
health. 

7.1 Exposure Assessment 

Exposure assessment is the process of estimating the magnitude, frequency, duration, and type of 
potential exposures to COPCs and ROPCs. This section presents the exposure scenarios and approach for 
conducting the quantitative exposure assessment. 

A human health conceptual exposure model identifies exposure scenarios that are defined by potentially 
exposed populations and exposure pathways. The conceptual exposure model used for this work plan is 
shown as Table 7-1 and was developed from guidance and information obtained from theHHRAP (EPA 
2005a), the Screening Assessment and Requirements for a Comprehensive Assessment: Columbia River 
Comprehensive Impact Assessment (DOE-RL 1998), and discussions with DOE-ORP, Ecology, and 
EPA. 

The conceptual exposure model focuses on identifying complete exposure pathways for potentially 
exposed populations. An exposure pathway is the means through which an individual may come in 
contact with a chemical in the environment. Exposure pathways are determined by: 

32 • Environmental conditions (such as location of receptors, vegetative cover, and wind speed and 
33 direction) 

34 • The potential for chemical migration through environmental media (such as soi l, vegetation, or air) 

35 • Lifestyles and work activities of potentially exposed populations 

36 
37 Although several potential pathways may exist, not all may be complete. For a pathway to be complete, 
38 all of the following four factors must exist: 
39 
40 • COPC or ROPC release into the environment 

41 • Release and transport mechanism (such as deposition to soil) that moves the COPC or ROPC from 
42 the source to other locations 

43 • Point of contact for receptors to be exposed to the affected media 
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• Exposure pathway, such as breathing vapors or ingesting affected media 

2 
3 These four factors were considered in the development of the conceptual exposure model. The sources of 
4 COPC and ROPC release are the WTP stacks. Transport processes, potential points of contact, and 
5 complete exposure pathways are identified to formulate exposure scenarios that will be the focus of the 
6 quantitative risk assessment. The process of exposure assessment is detailed in the following subsections. 
7 
8 7.1.1 Characterization of Exposure Setting 

9 Characterizing the exposure setting is the first step in identifying potentially exposed populations. This 
10 characterization includes identifying the location of human populations within the study area and types of 
11 activities that can be expected under current and reasonable potential future land use. 
12 
13 The study area is defined as the area within a 50-km radius of the WTP. While it is possible for human 
14 populations to be exposed beyond this 50-km radius, the concentration of airborne and deposited 
15 emissions will be orders of magnitude less than those within the study area, essentially approaching zero. 
16 The EPA (2005a) reports that at other facilities, the most significant deposition of airborne emissions has 
17 been observed within a 3-km radius of a source. The Hanford site boundary extends approximately 9 km 
18 to 28 km from the WTP. The Columbia River is located approximately 8 km to more than 20 km from 
19 the WTP. Therefore, the potential for offsite impacts is expected to be minimal ; however, because of the 
20 importance of the Columbia River as a potable water and recreational resource, it will be included in the 
21 quantitative risk assessment. Currently, no residential receptors are present on the Hanford site, nor are 
22 there likely to be any in the near future (i.e. , within the next 50 years). Game animals that graze on 
23 Hanford site property and plants that grow on Hanford site property may be harvested by American 
24 Indians living off-site. 
25 
26 Characterization of the exposure setting includes the following: 
27 
28 • Characterization of the physical setting, including location of important physical features such as 
29 Gable Mountain, surface water bodies, and watersheds 

30 • Characterization of potentially exposed populations, including identifying the location and activity 
31 patterns of current populations relative to the facility, determining plausible future land use, and 
32 identifying subpopulations of potential concern 

33 
34 Characterization will concentrate on the areas potentially most impacted by emissions, based on the 
35 results of the air-dispersion modeling and will include both current and future land use. The exposure 
36 assessment will focus on six locations of interest (see Figure 7-1): 
37 
38 • Onsite ground maximum - location of maximum predicted ground-level concentrations of both 
39 airborne and deposited emissions. This location generally represents worst-case human and 
40 ecological exposures because very few receptors are expected to be present here. The onsite ground 
41 maximum location is a 100 m x 100 m area represented by the point or points predicted to have the 
42 highest concentration of airborne and deposited emissions. The grid covers the area in the immediate 
43 region downwind from WTP. Receptors who are likely to receive exposures at this location are 
44 limited to onsite workers. 

45 • Hanford offsite - location of predicted ground-level concentrations of both airborne and deposited 
46 emissions outside the Hanford Site boundary. This location represents a more plausible location for 
47 most human receptors and is an important point of compliance. The grid spans a region that is 
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l predominately downwind of the WTP, adjacent to the southeastern border of the site. For 
2 conservatism, the residence of all receptors is assumed to occupy this grid. 

3 • Gable Mountain maximum - location of maximum predicted ground-level concentrations of both 
4 airborne and deposited emissions at Gable Mountain. This location is included due to its importance 
5 to American Indian populations in the Oregon-Washington area. For purposes of assessing potential 
6 risks due to WTP emissions, Gable Mountain represents a site of tribal ceremonial activities and as 
7 such, receptor exposure is generally of a limited duration. 

8 • Columbia River maximum - location of maximum predicted ground-level concentrations of both 
9 airborne and deposited emissions at the Columbia River. This location is used to evaluate potential 

10 risks to aquatic ecological receptors, as a source of potable water for human receptors, and as a source 
11 of fish for human receptors. The Columbia River receptor grid is predominately downwind of the 
12 WTP in the eastern region of the Hanford Site. 

13 • Hunter/Gatherer Area I (current timeframe) - location of predicted ground-level concentrations 
14 of both airborne and deposited emissions for grazing game and native plant species. The subsistence 
15 resident American Indian is assumed to consume food (wild game, wildfowl, wildfowl eggs, and wild 
16 plants) harvested on site. Although the home range of most game and wild fowl is located primarily 
17 along the riparian corridor of the Columbia River, deer and other game may browse anywhere on site. 
18 The current exposure scenario hunting/gathering area (shown in Figure 7-2) includes the Hanford 
19 Reach National Monument and Gable Mountain. This area includes the portions of the Hanford site 
20 that could be used for grazing by game animals and wild fowl, and most likely to be used by people 
21 for collecting wild plants. It excludes the interior area of the Hanford Site. 

22 • Hunter/Gatherer Area II (future timeframe) - expanded location of predicted ground-level 
23 concentrations of both airborne and deposited emissions for grazing game and native p lant species. 
24 The hunter/gatherer receptor grid in the future timeframe is presumed to exist after shutdown of the 
25 WTP. Like the current hunting/gathering area assessed in current scenarios, this future area includes 
26 the riparian zones along the Columbia River, where game animals and important wild plants are 
27 likely to be present, and Gable Mountain. This future area also includes the area of maximum 
28 contaminant concentrations near the WTP (see Figure 7-2). This future hunting/gathering area is 
29 intended to provide a more conservative estimate of potential exposure and risk by including the area 
30 where concentrations are at their maximum. The hunter/gatherer area receptor grid does not include 
31 the exclusion area located at Hanford's central plateau or the industrial area east of the plateau. Note 
32 that because receptor access to this area is not assumed to occur unti l after WTP shutdown, exposure 
33 to airborne contaminants will not occur since there are no emissions. 

34 
35 Using the highest discrete values of Cyv, Cyp 1, Cyp25 , Dydv, Dydp1, Dydp25, Dywv, Dywp1, and Dywp25 

36 from the offsite, onsite maximum, Columbia River, and Gable Mountain grids will certainly result in the 
37 highest degree of conservatism. However, in large receptor exposure grids such as the offsite grid, the 
38 corresponding exposures to such extreme deposition and air concentrations are improbable and could 
39 result in risk estimates that are highly improbable as well. As a result, the data from CALPOST were 
40 evaluated to provide some quantitative infonnation with regard to the potential exposure to extreme air 
41 concentrations and depositions, and to aid in determining the appropriate CALPOST data for input in the 
42 risk assessment (24590-WPT-RPT-ENV-13-001) . It was concluded that the 90th percentile of the 
43 predicted ground-level concentrations of both airborne and deposited emissions values for the Hanford 
44 offsite receptor exposure grid will sufficiently characterize exposures at that location. The 
45 appropriateness of using average deposition values to represent exposures to foods from the 
46 hunter/gatherer area was also evaluated. For the very large hunter/gatherer areas (where average 
4 7 exposures are of concern) the distribution-free 95 % upper confidence limit of the median provides a 
48 sufficiently conservative estimate of air concentration and deposition. For more localized exposure grids 
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l such as at the onsite ground maximum, Columbia River, and Gable Mountain, the maximum predicted 
2 deposition or concentration provides a conservative estimate of exposure. 
3 
4 Figure 7-1 shows the locations of interest that will be the focus of the exposure assessment. 
5 
6 The subsistence resident American Indian is assumed to consume food (wild game, wildfowl, wildfowl 
7 eggs, and wild plants) harvested on site. The hunting and gathering areas for the subsistence resident 
8 American Indian are based on the following assumptions: 
9 

l O • The various types of plants eaten or used for ceremonial or medicinal purposes are collected from a 
11 variety of habitats (such as river corridor, foothills and mountains, meadow, and shrub-steppe). The 
12 exact collecting locations and types of plants collected are unknown; however, it is known that Gable 
13 Mountain is important for ceremonial activities, and plants are collected approximately once per year 
14 at the McGee ranch west of the 200 Areas. 

15 • While onsite hunting is currently limited to the area north of the Columbia River, deer and other game 
16 may browse anywhere on site. 

17 • The home range of deer at Hanford is located primarily along the riparian corridor of the Columbia 
18 River. 

19 • The traditional subsistence lifestyle is a communal lifestyle; therefore, the hunting and gathering area 
20 must support more than a single individual or even a single family. 

21 • A conservative scenario should include the locations of maximum emissions concentrations (ground 
22 maximum), and the locations of maximum emissions concentrations where it is known that some 
23 important activities occur (Gable Mountain maximum, Columbia River maximum). 

24 
25 To meet these needs, two hunting/gathering areas have been identified as described above. The current 
26 exposure scenario hunting/gathering area (shown in Figure 7-2) includes the Hanford Reach ational 
27 Monument and Gable Mountain. This area includes the portions of the Hanford site most likely to be 
28 used for grazing by game animals, and most likely to be used by tribal members for collecting wild plants. 
29 The future exposure scenario hunting/gathering area (shown in Figure 7-2) includes the entire Hanford 
30 site excluding the 200 Area industrial zones. Like the current hunting/gathering area, this future area 
31 includes the riparian zones along the Columbia River, where game animals and important wild plants are 
32 likely to be present, and Gable Mountain. This future area also includes the area of maximum 
33 contaminant concentrations near the WTP. This future hunting/gathering area is intended to provide a 
34 more conservative estimate of potential exposure and risk by including the area where concentrations are 
35 at their maximum but food gathering activities are not likely to occur. For both of these hunting/gathering 
36 areas (see Figures 6-6 and 6-7) contaminant concentrations in soil will be estimated from an average soil 
37 concentration computed using the 95 % upper confidence limit of the median deposition. These soil 
38 concentrations will in turn be used to calculate contaminant concentrations in plant and animal tissue. 
39 

40 Receptors, locations, scenarios, and exposure pathways are summarized in Table 7-1. 

41 

42 7.1.2 Identification of Receptor Types 

43 EPA (2005a) recommends that the following receptor types be evaluated for assessing potential ri sks 
44 from thermal treatment facilities: 
45 
46 • Resident (adult and child) 
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• Subsistence farmer (adult and child) 

2 • Subsistence fisher (adult and chi ld) 

3 • Nurs ing infant 

4 • Acute ri sk 

5 
6 The nursing infant scenario is recommended by EPA guidance (EPA 2005a) to address specifi c 
7 concerns regarding exposure to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-
8 p-furans (PCDFs) because these chemicals are known to accumulate in human milk. The EPA guidance 
9 recommends inclusion of the nursing infant only for PCDDs/PCDFs; however, coplanar PCBs will also 

10 be evaluated for this pathway in the SLRA due to their potential to behave, phys iologically, like 
11 PCDDs/PCDFs. Because radionuclides are a major component of the waste to be treated at the fac ility, 
12 several ROPCs will also be evaluated for this pathway. The ROPCs strontium (Sr-90), iodine (I-1 29), 
13 and cesium (Cs-1 34 and Cs-1 37) wil l be evaluated for the nursing infant scenario. These radionuclides 
14 were selected because they are potentially present in the waste, are judged to have the highest potential 
15 for accumul ation in mil k, and due to their toxic ity (CCN 064327). No other ROPCs will be eva luated fo r 
16 the nursing infant scenario, because other ROPCs have not been shown to accumulate in human milk. 
17 Not address ing addi tional COPCs fo r the nursing infant scenario is a nonconservative uncertainty in the 
18 ri sk assessment. If the potential ri sks or hazards for other COPCs in other exposure pathways approach 
19 unacceptable levels, and the data are avai lable to eva luate infa nt exposures, fu rther consideration will be 
20 given to incorporating those COPCs into the nursing infant scenario. Nursing infant exposure will be 
2 1 evaluated based on intakes for the Hanford site industria l worker, res ident adul t, res ident subsistence 
22 farmer adult, res ident subsistence fi sher adult, and res ident subsistence American lnd ian adult. 
23 
24 For purposes of thi s workplan, special subpopulations are defined as indi vidua l human beings or subsets 
25 of the general population that may potentia lly be at higher risk due to lifes tyle activities that cause higher 
26 exposures to COPCs and ROPCs. To address potentially sensiti ve subpopulations, the fo llowing 
27 additional exposure scenarios will be evaluated: 
28 
29 • Hanford site industrial worker 

30 • A resident subsistence American Indian (adult and child) 

3 1 
32 Workers employed at the WTP wi ll not be inc luded in the risk assessment because other regulations ex ist 
33 for occupational exposures within the WTP boundary (e.g., DOE standards for occupational safety and 
34 health). However, because of the WTP 's location within the Hanford site, the closest and most like ly 
35 receptors are other Hanfo rd site workers located outside the WTP boundary. Therefore, the Hanford site 
36 industrial worker scenario will be included in the risk assessment. 
37 
38 American Indian tribes (Nez Perce Tribe, Yakama Indi an Nation, and CTUIR) ceded the land currently 
39 occupied by the US government's Hanford site. However, these tribes retained the rights to the use of 
40 resources on this land. Representatives of these tribes have expressed a des ire to be able to use this land 
4 1 to conduct a traditional lifesty le. A wide range of possib le tribal activities related to traditi onal lifesty les 
42 exists. The res ident subsistence American Indi an scenario will address a variety of potential exposures 
43 assoc iated with food gathering (including hunting, fis hing, and plant gathering) , as well as cul tural and 
44 social activities ( e.g., use of a sweat lodge). 
45 
46 The exposure scenarios included in the quanti tative risk assessment are designed to cover a wide range of 
47 possible receptor activities, age groups, and lifestyles. These receptors represent the most highly exposed 
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I populations that could work or live near the Hanford site, including adult workers, adult and child 
2 residents and farmers , and American Indians living a traditional lifestyle. The exposure assessment and 
3 risk characterization results for the selected receptor are designed to be protective of other popu lations 
4 and special subpopulations of interest. For example, the resident child receptor provide a bounding 
5 estimate for other child activities, such as children attending school or daycare. This scenario assumes a 
6 high level of potential exposure ( e.g., the resident child is present 7 days per week, 24 hours per day and 
7 ingests homegrown produce) at an offsite location of elevated contaminant concentration. Hence, 
8 risk-management decisions based on these conservative assumptions will be protective of other child 
9 populations (e.g. , at a chool or daycare center where exposure would be less because a child may be 

10 present 5 days per week for less than 12 hours per day). Other possible special subpopulations are being 
11 evaluated by identifying their locations and determining whether they are located in areas that are 
12 potentially at risk from WTP emissions. Figure 7-3 provides a map showing (1) the location of the WTP, 
13 (2) the locations of potential receptor populations (such as cities), and (3) location of potentially sensitive 
14 subpopulations (such as daycare centers and preschools, schools, hospitals, and nursing homes). 
15 Figure 7-4 summarizes the receptors, locations, exposure scenarios, and exposure pathways. 
16 
17 7.1.3 Description of Exposure Scenarios 

18 Exposure scenarios to be addressed by the risk assessment are described in more detail below and are 
19 summarized in Table 7-1. Exposure scenarios are defined for current and future land-use conditions. For 
20 the SLRA, current and.future are defined as follows: 
21 
22 Current Land Use. For this work plan, current is defined as the 40-year operating lifetime of the WTP, 
23 anticipated to begin by 2019. This period corresponds approximately to the period addressed by the Final 
24 Hanford Comprehensive Land-Use Plan (CLUP) Environmental Impact Statement (DOE 1999) of at least 
25 50 years from publication of the Record of Decision (ROD) (Federal Register 1999 [64 FR 61615]), that 
26 is, 1999 through 2049. 
27 
28 Current land use within the 50 km study area is characterized based on aerial photographs, zoning maps, 
29 land development plans, and information presented in the CLUP and the preferred land use alternative 
30 identified in Record of Decision (ROD) : Hanford Comprehensive Land-Use Plan En vironmental Impact 
3 l Statement ( 64 FR 61615). 

32 
33 Figure 7-5 shows existing land use within the study area as of 1996 (DOE 1999). Figure 7-6 shows 
34 current (i.e., over approximately the next 40 years) land use on the Hanford Site as defined by the CLUP. 
35 Representatives of the ez Perce Tribe, Yakama Indian ation, and CTUIR are also being consulted in 
36 evaluating current land use in the study area. 
37 
38 Future Land Use. For this work plan, future exposure scenarios begin after WTP shutdown (following 
39 40 years of operation) . For example, the future resident subsistence farmer is assumed to be exposed 
40 from year 40 to year 80. 
41 
42 Plausible future land use is characterized based on information presented in the documents listed above. 
43 Representatives of the Nez Perce Tribe, Yakama Indian Nation, and CTUIR are also being consulted in 
44 evaluating future land use in the study area. 
45 
46 In addition to the information in DOE 1999, DOE has indicated that: 
47 
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1 • The 200 Areas (a.k.a. centra l plateau) wi ll remain industrial past the 50-year timeframe of the CLUP 
2 because mixed waste has been, and will continue to be, buried there as a result of remedial activities 
3 at the rest of the Hanford site. 

4 • There will not be any onsite residentia l deve lopment (within the Hanford site boundary) in the 
5 foreseeable fu ture 

6 
7 Both current and future land-use assumptions must also consider the newly created Hanford Reach 
8 National Monument, which includes the Saddle Mounta in National Wildlife Refuge north of the 
9 Columbia River and the Fitzner-Eberhardt Arid Lands Ecology (FEALE) Reserve in the western portion 

10 of the Hanfo rd Site . 
11 
12 Within these timeframes, exposure scenarios may be class ified as being either pl ausible or worst-case as 
13 defined below. 
14 
15 Plausible exposure scenarios represent receptors that currently exist, or may reasonably be expected to 
16 ex ist, at a given location. For example, workers are currently present in the 200 Areas; therefore, the 
17 Hanford site industrial worker is a current plausible exposure scenario at that location. This does not 
18 mean that the exposure scenario as described here (a worker present at the poin t of maximum emissions 
19 concentration, 8 hours per day, 250 days per year, fo r 20 years) portrays actual current workers, but 
20 rather, that this type of receptor ( onsite worker) is plausible at that location. 
2 1 
22 Worst-case exposure scenarios represent receptors that are not reasonably expected to ex ist now or in the 
23 future at the specified location. For example, a resident subsistence farmer wi ll be evaluated as a future 
24 worst-case receptor at the point of elevated offs ite emiss ions concentrations, but it is unlikely that such a 
25 receptor (a totally self-sustain ing farmer) wi ll ever exist at this location. 
26 
27 7.1.3.1 Hanford Site Industrial Worker 

28 General Description 

29 This receptor is an adult worker employed near the WTP and living offs ite. Workers employed at the 
30 WTP will not be included in the ri sk assessment because other regulations ex ist for occupational 
31 exposures within the WTP boundary (such as DOE standards for occupational safety and health). The 
32 Hanfo rd site industrial worker will be evaluated using occupational exposure assumpti ons primarily from 
33 DOE-RL 1995 and residentia l exposure assumptions primarily from EPA (2005a, 2003, CCN 0638 10, 
34 CCN 063807, CCN 063805, CCN 06433 1, CCN 063806, CCN 0638 16), as described in Section 7.1.6. 
35 
36 Exposure Pathways 

37 The Hanford site industrial worker is exposed on site (during work hours) through inhalation of 
38 emissions, ingestion of soil , inhalation of resuspended soil , ingestion of drinking water, and external 
39 exposure to radionuclides in air and soil. Thi s worker is also assumed to be exposed whi le at home 
40 through these same pathways and through ingestion of homegrown produce. 
4 1 
42 Exposure Location 

43 This receptor is assumed to work at the onsite ground maximum. The onsite ground maximum location is 
44 a 100 m x 100 m area ( defined in Section 6. 1) represented by the point or points predicted to have the 
45 highest concentration of airborne and deposited emissions. This receptor is assumed to live within the 
46 Hanfo rd offsi te receptor exposure grid. This offs ite location is a 500 m x 500 m area represented by the 
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l 90th percentile of airborne and deposited emissions. The Hanford site industrial worker is assumed to 
2 obtain drinking water from the Columbia River maximum. Exposure of a Hanford site industrial worker 
3 is considered a plausible scenario since workers are present in this area and may live off site. 
4 
5 Current Exposure Timeframe 

6 The Hanford site industrial worker is assumed to have a 20-year career. It is also assumed that a retired 
7 worker will live within the offsite location for l O years after retirement. The retiree is assumed to be 
8 exposed through the same exposure pathways experienced by a worker while at home when not working. 
9 However, it is not necessarily assumed that the worker and the retiree are the same individual. A 

10 conservative approach to assessing potential risk is to assume that both the worker and retiree are exposed 
11 during the time of maximum potential soil concentration. Recall from Section 6.2 that the time of 
12 maximum potential soil concentration occurs at plant shutdown after 40 years of deposition. Thus, it is 
13 assumed that for a plant operating from year O to year 40, the Hanford site industrial worker is assumed in 
14 the current scenario to be exposed from years 20 to 40. Likewise, the retired worker is assumed to be 
15 exposed from year 30 to 40 (refer to Figure 7-7). For simplicity, the risk to the worker and retiree will be 
16 added and compared to thresholds. If an exceedance occurs, the individual risks of the worker and retiree 
17 will be reported and compared to applicable thresholds. 
18 
19 The worker is assumed to be at work ( onsite maximum) for 8 hours each weekday ( excluding holidays 
20 and yearly vacation) , resulting in an exposure frequency of 250 days/year. The worker is assumed to be 
21 at home (offsite) during the remaining 16 hours of the workday. Additionally, the worker is assumed to 
22 spend a cumulative 100 days at home ( offsite) each year during weekends. It is assumed that the worker 
23 is neither at work nor home for 15 days/year, presumably on holiday and/or vacation outside of the area 
24 of assessment. Unlike the worker, the retiree is assumed to spend 24 hours/day, 350 days/year at home 
25 and 15 days/year on holiday and/or vacation outside of the area of assessment. 
26 
27 Future Exposure Timeframe 

28 As stated previously, the Hanford site industrial worker is assumed to have a 20-year exposure and the 
29 retiree a 10-year exposure. From Section 6.2 the time of maximum potential soil concentration occurs at 
30 plant shutdown after 40 years of deposition, and that soil concentrations then gradually decrease due to 
31 soil loss. The conservative approach is to assume that both the worker and retiree are exposed 
32 immediately after plant shutdown. The Hanford site industrial worker is assumed to be exposed from 
33 years 40 to 60 in the future scenario. The retired worker is assumed to be exposed from year 40 to 50. 
34 
35 Worker and retiree exposure time (hours per day) and frequency (days per year) are the same as the 
36 current exposure scenario. 

37 7.1.3.2 Nursing Infant of Hanford Site Industrial Worker 

38 General Description 

39 The nursing infant of the Hanford site industrial worker is the infant of the worker described above. 
40 
41 Exposure Pathways 

42 The nursing infant of the Hanford site industrial worker is assumed to be exposed to PCDDs/PCDFs, 
43 PCBs, and four ROPCs through ingestion of breast milk from the worker exposed through : 
44 
45 • Inhalation of emissions, ingestion of soil , inhalation ofresuspended soil , ingestion of drinking water, 
46 and external exposure to radionuclides in air and soil while at work 
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l • [nhalation of emissions, ingestion of soil , inhalation of resuspended soil, ingestion of drinking water, 
2 external exposure to radionuclides in air and soi l, and ingestion of homegrown produce while at home 

3 
4 Exposure Location and Timefram e 

5 The nursing infant of the Hanford site industrial worker is assumed to reside with the worker described 
6 above at the Hanford offsite receptor exposure grid. It is assumed that the mother continues to work 
7 during the period of nursing and is exposed to the onsite maximum during the workday, and is exposed 
8 offsite whi le at home. Likewise, the timeframe for exposure of the lactating mother is assumed to be the 
9 same as the current worker (years 20 to 40). The timeframe for exposure of the lactating mother in a 

l O future exposure scenario is assumed to be the same as the future worker (years 40 to 60). Exposure 
11 assessment for the nursing infant does not include an assessment of intake from retired individuals. The 
12 current and future exposure of a nursing infant of the Hanford site industrial worker is considered a 
13 plausible scenario since workers are present in this area and may live (be a resident) off site. 
14 
15 7.1.3.3 R esident 

16 General Description 

17 The resident is assumed to live, work, and play at a s ingle location and, thus, is assumed to be home 
18 24 hours per day, 350 days per year, with 2 weeks per year on vacation or otherwise away from the home. 
19 This receptor is assumed to have a garden that supplies fruit and vegetables. Both an adult and a child 
20 resident will be evaluated using EPA defaul t (2005a) and other EPA-recommended (CCN 0638 10, 
21 CCN 063807, CCN 063805, CCN 063806) exposure assumptions described in Section 7 .1.6. 
22 
23 Exposure Pathways 

24 The resident (adult and child) is assumed to be exposed through direct inhalation of airborne emissions, 
25 ingestion of soil, inhalation of resuspended soi l, ingestion of drinking water, external exposure to 
26 radionuclides in air and soil, and ingestion of homegrown produce. This receptor is assumed to have a 
27 garden that supplies homegrown fruit and vegetab les. The resident is assumed to obtain drinking water 
28 from the point of maximum concentration in the Columbia River. 
29 
30 Exposure Location 

3 1 The closest resident at the time of this work p lan (2013) is located more than 20 km from the WTP. 
32 However, in this work plan, current is defined as the 40-year operating lifetime of the WTP 
33 (approximately beginning in 2019). Therefore, it is assumed that a current resident may be located within 
34 the Hanford offsite receptor exposure grid sometime during this 40-year period. This offsite location is a 
35 500 m x 500 m area represented by the 90th percentile of airborne and deposited emissions. The resident 
36 is assumed to obtain drinking water from the point of maximum concentration in the Columbia River. 
37 Exposure of a resident at the Hanford offsite maximum is considered a p lausible scenario since residents 
38 are present outside the site boundary and residential development could occur within the offsite grid 
39 within the next 40 years. 
40 
41 Current Exposure Timeframe 

42 The resident is assumed to have a 30-year exposure duration. Since the time of maximum potential soil 
43 concentration occurs at plant shut down after 40 years of deposition, it is assumed that for a plant 
44 operating from year Oto 40, the resident is assumed to be exposed from years 10 to 40 in the current 
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scenario. Likewise, the resident child, who has a 6-year exposure duration, is asswned to be exposed 
from years 34 to 40 in the current scenario (child and adult are not necessarily the same individual). 

The resident (adult and child) is assumed to be exposed 24 hours/day, 350 days/year (15 days/year on 
holiday and/or vacation outside of the area of assessment). 

Future Exposure Timeframe 

Since the resident is assumed to have a 30-year exposure duration, the future resident is assumed to be 
exposed from years 40 to 70. The resident chi ld, who has a 6-year exposure duration, is assumed to be 
exposed from years 40 to 46 in the future scenario ( child and adult are not necessarily the same 
individual). 

The resident (adult and child) exposure time (hours per day) and frequency (days per year) are the same 
as the current exposure scenario. 

7.1.3.4 Nursing Infant of Resident 

General Description 

The nursing infant of the resident is the infant of the adult resident described above. 

Exposure Pathways 

The nursing infant of the resident is assumed to be exposed to PCDDs/PCDFs, PCBs, and four RO PCs 
through ingestion of breast milk from the adult resident exposed through inhalation of emissions, 
ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, and ingestion of homegrown 
produce. 

Exposure Location and Timeframe 

The nursing infant of the resident is assumed to reside with the resident described above at the Hanford 
offsite location during the same period of resident exposure. The timeframe for exposure of the lactating 
mother is assumed to be the same as the current resident (years 10 to 40). The timeframe for exposure of 
the lactating mother in a future exposure scenario is assumed to be the same as the future resident 
(years 40 to 70). The current and future exposure ofa nursing infant of the resident within the Hanford 
offsite receptor exposure grid is considered a plausible scenario since residents are present outside the site 
boundary and residential development could occur offsite within the next 40 years. 

7.1.3.5 Resident Subsistence Farmer 

36 General Description 

37 The resident subsistence farmer is assumed to live, work, and play at a single location (i .e. , the resident 
38 farmer is assumed to be at home 24 hours per day, 350 days per year, with 2 weeks per year on vacation 
39 or otherwise away from the home) . This receptor is assumed to maintain a farm that supplies his or her 
40 produce (fruit and vegetable), meat (beef, pork, and poultry), dairy products, and eggs. Both an adult and 
41 a child resident subsistence farmer will be evaluated using EPA default (2005a) and other 
42 EPA-recommended (CCN 063807, CCN 064331 , CCN 063806, CCN 063804) exposure assumptions 
43 described in Section 7 .1.6. 
44 
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Exposure Pathways 

2 The resident subsistence farmer (adult and child) is assumed to be exposed through inhalation of 
3 emissions, ingestion of soil, inhalation of resuspended soil , ingestion of drinking water, external exposure 
4 to radionuclides in air and soil, and ingestion of homegrown produce, beef, pork, poultry, dairy products, 
5 and eggs . 
6 
7 Exposure Location 

8 The closest resident at the time of this work plan (2011) is located more than 20 km from the WTP. 
9 However, in this work plan, current is defined as the 40-year operating lifetime of the WTP (beginning in 

10 approximately 2019). Therefore, it is assumed that a current resident subsistence farmer may be located 
11 at the Hanford offsite receptor exposure grid. This offsite location is a 500 m x 500 m area represented 
12 by the 90th percentile of airborne and deposited emissions. The resident subsistence farmer is assumed to 
13 obtain drinking water from the point of maximum concentration in the Columbia River. Exposure of a 
14 resident subsistence farmer at the Hanford offsite location is considered a worst-case scenario because, 
15 while resident farmers may be present outside the site boundary, the defined exposure scenario (i.e., a 
16 farmer producing his or her own food, as described in Section 7.1.6.2, within a 500 m x 500 m area) is 
17 unlikely. 
18 
19 Current Exposure Timeframe 

20 The resident subsistence farmer is assumed to have a 40-year exposure duration. Since the time of 
21 maximum potential soil concentration occurs at plant shut down after 40 years of deposition, it is assumed 
22 that for a plant operating from year O to 40, the resident subsistence farmer is assumed to be exposed 
23 throughout the entire duration of plant operation (years Oto 40). The resident subsistence farmer child, 
24 who has a 6-year exposure duration, is assumed to be exposed from years 34 to 40 in the current scenario 
25 (child and adult are not necessarily the same individual). 
26 
27 The resident subsistence farmer (adult and child) is assumed to be exposed 24 hours/day, 350 days/year 
28 ( 15 days/year on holiday and/or vacation outside of the area of assessment) . 
29 
30 Future Exposure Timeframe 

31 Since the resident subsistence farmer is assumed to have a 40-year exposure duration, the future resident 
32 subsistence farmer is assumed to be exposed from years 40 to 80. The resident subsistence farmer child, 
33 who has a 6-year exposure duration, is assumed to be exposed from years 40 to 46 in the future scenario 
34 (child and adult are not necessari ly the same individual). 
35 
36 The resident subsistence farmer (adult and child) exposure time (hours per day) and frequency (days per 
37 year) are the same as the current exposure scenario. 
38 
39 7. 1.3.6 Nursing Infant of Resident Subsistence Farmer 

40 General Description 

41 The nursing infant of the resident subsistence farmer is the infant of the adult resident subsistence farmer 
42 described above. 
43 
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Exposure Pathways 

2 The nursing infant of the resident subsistence farmer is assumed to be exposed to PCDDs/PCDFs, PCBs, 
3 and four ROPCs through ingestion of breast milk from the adult resident subsistence farmer exposed 
4 through inhalation of emissions, ingestion of soil , inhalation of resuspended soil, ingestion of drinking 
5 water, and ingestion of homegrown produce, beef, pork, poultry, dairy products, and eggs. 
6 
7 Exposure Location 

8 The nursing infant of the resident subsistence farmer is assumed to reside with the resident subsistence 
9 farmer described above within the Hanford offsite receptor exposure grid during the same period of 

l O resident subsistence farmer exposure. The current and future exposure of a nursing infant of the resident 
11 subsistence farmer at the Hanford offsite location is considered a worst-case scenario because, while 
12 resident farmers may be present outside the site boundary, the defined exposure scenario (i.e., an infant 
13 nursed for one year by a farmer producing her own food at a single grid node) is unlikely. 
14 
15 7.1.3.7 Resident Subsistence Fisher 

16 General Description 

17 The resident subsistence fisher scenario is the same as the resident scenario with the addition of fish 
18 ingestion. This receptor is assumed to live, work, and play at a single location (i.e. , the resident fisher is 
19 assumed to be at home 24 hours per day, 350 days per year, with 2 weeks per year on vacation or 
20 otherwise away from the home). This receptor is assumed to have a garden that supplies fruit and 
21 vegetables and to obtain fish from the Columbia River. Both an adult and a child resident subsistence 
22 fisher will be evaluated using the EPA default (2005a) and other EPA-recommended (CCN 063810, 
23 CCN 063807, CCN 063805, CCN 063806) exposure assumptions described in Section 7 .1.6. 
24 
25 Exposure Pathways 

26 The resident subsistence fisher (adult and child) is assumed to be exposed through inhalation of 
27 emissions, ingestion of soil, inhalation of resuspended soil , ingestion of drinking water, external exposure 
28 to radionuclides in air and soil, ingestion of homegrown produce, and ingestion oflocally caught fish. 
29 
30 Exposure Location 

31 The closest resident at the time of this work plan (2013) is located more than 20 km from the WTP. 
32 However, for this risk assessment work plan (RA WP), current is defined as the 40-year operating lifetime 
33 of the WTP (beginning in approximately 2019). Therefore, it is assumed that a current resident 
34 subsistence fisher may be located at the Hanford offsite receptor exposure grid sometime during this 40-
35 year period. This offsite location is a 500 m x 500 m area represented by the 90th percentile of airborne 
36 and deposited emissions. The resident subsistence fisher is assumed to obtain drinking water and fish 
37 from the point of maximum concentration in the Columbia River. Exposure of a resident subsistence 
38 fisher within the Hanford offsite exposure grid is considered a worst-case scenario because, while 
39 residents might be present outside the site boundary and fish the Columbia River, the defined exposure 
40 scenario (i.e., a fisher growing fruit and vegetables and ingesting locally caught fish every day) is 
41 unlikely. 
42 
43 Current Exposure Timeframe 

44 The resident subsistence fi sher is assumed to have a 30-year exposure duration. Since the time of 
45 maximum potential soil concentration occurs at plant shut down after 40 years of deposition, it is assumed 
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that for a plant operating fro m year O to 40, the resident subsistence fis her is assumed to be exposed from 
years 10 to 40. The res ident subsistence fisher child , who has a 6-year exposure duration, is assumed to 
be exposed fro m years 34 to 40 in the current scenario (child and adul t are not necessarily the same 
individual). 

The res ident subsistence fisher (adult and child) is assumed to be exposed 24 hours/day, 350 days/year 
( 15 days/year on holiday and/or vacation outside of the area of assessment). 

Future Exposure Timeframe 

Since the res ident subsistence fi sher is assumed to have a 30-year exposure duration, the future res ident 
subsistence fi sher is assumed to be exposed from years 40 to 70. The resident subsistence fi sher child, 
who has a 6-year exposure duration, is assumed to be exposed from years 40 to 46 in the future scenario 
(child and adu lt are not necessarily the same individual). 

The res ident subsistence fi sher (adult and child) exposure time (hours per day) and freq uency (days per 
year) are the same as the current exposure scenario. 

7.1.3.8 Nursing Infant of Resident Subsistence Fisher 

General Description 

The nursing infa nt of the res ident subsistence fi sher is the infa nt of the adu lt res ident subsistence fi sher 
described above. 

Exposure Pathways 

The nurs ing infant of the res ident subsistence fis her is assumed to be exposed to PCDDs/PCDFs, PCBs, 
and fo ur RO PCs via ingestion of breast milk fro m the adult res ident subsistence fis her exposed via 
inhalation of emi ss ions, ingestion of soil , inhalation of resuspended soil , ingestion of drinking water, 
external exposure to radionuclides in air and so il , ingestion of homegrown produce, and ingest ion of 
locally caught fi sh. 

Exposure Location 

The nurs ing infa nt of the res ident subsistence fi sher is assumed to res ide with the res ident subsistence 
fi sher described above within the Hanford offs ite receptor exposure grid during the same period of 
res ident subs istence fi sher exposure. The current and future exposure of a nurs ing infa nt of the resident 
subsistence fi sher within the Hanford offs ite location is considered a worst-case scenar io as described 
above for the res ident subsistence fisher. 

7.1.3.9 Resident Subsistence American Indian 

38 General Description 

39 The res ident subsistence American Indian refers to the American Indian hunter-gatherer exposure 
40 scenario originally deve loped for the Final Tank Closure and Waste Management Environmental Impact 
41 Statement for the Hanford Site (TC& WM EIS, DOE 2012), adapted for the WTP risk assessment. The 
42 American Indian scenario exposure parameters presented in the TC&WM EIS were used where avai lable . 
43 Other parameters were taken from the Tank Waste Remediation System, Hariford Site, Richland, 
44 Washington, Final Environmental Impact Statement (TWRS EIS, DOE 1996) or fro m EPA's Exposure 
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1 Factors Handbook (EFH 1
, EPA 1997a). Children's exposure parameters were developed by 

2 proportioning the child caloric intake reported in EPA guidance (Child-Specific Exposure Factors 
3 Handbook [CSEFH, EPA 2008]), according to the various proportions of meat, vegetable, roots, etc. in 
4 the diet of the adult American Indian as reported in the TC&WM EIS. 
5 
6 The resident subsistence American Indian is assumed to live a traditional subsistence lifestyle. The 
7 traditional lifestyles of the Nez Perce, Yakama Indian Nation, and CTUIR were historically based on a 
8 seasonal cycle of travel among hunting, plant gathering, and fishing areas. The most common foods were 
9 salmon, roots (including camas bulb, bitterroot, wild carrot, and wild potato), berries (including service 

10 berries, gooseberries, huckleberries, chokecherries, and wild strawberries), deer, and elk. Each of these 
11 foods was collected in different locations during different seasons. The seasonal cycle of food gathering 
12 encompassed a large area including the lowlands along the Columbia River and its tributaries, foothills, 
13 and prairies, and higher mountainous areas. Presently, tribal members may hunt in areas such as the 
14 North Slope (a.k.a. Saddle Mountain National Wildlife Refuge, north of the Columbia River), fish near 
15 the Vernita bridge (where the Columbia River enters the western boundary of the Hanford site), and 
16 occasionally gather food at sites such as the McGee ranch (south of the Columbia River at the western 
17 boundary of the Hanford site). Members of the three tribes potentially impacted at Hanford would be 
18 individuals pursuing a traditional lifestyle. The traditional lifestyle of these three tribes is heavi ly 
19 dependent on fish (primarily salmon) in addition to game and plants; therefore, a separate hunter/gatherer 
20 and fisher would not exist. A more realistic receptor is a combination hunter/gatherer/fisher. 
21 
22 The resident subsistence American Indian is assumed to hunt and fish to supply his or her meat (game and 
23 wildfowl), egg (from wildfowl), and fish needs, and to gather native plants to supply his or her fruit and 
24 vegetable needs. Both an adult and a child resident subsistence American Indian will be evaluated. 
25 
26 Exposure Pathways 

27 The resident subsistence American Indian (adult and child) is assumed to be exposed through inhalation 
28 of emissions; ingestion of soil; inhalation of resuspended soil; ingestion of drinking water; external 
29 exposure to radionuclides in air and soil; and ingestion of wild plants, game, wi ldfowl, fish, and wildfowl 
30 eggs. The consumption of livestock, dairy products, and domestic produce does not occur in this 
31 scenario. In addition to these pathways, the resident subsistence American Indian is also assumed to be 
32 exposed through inhalation and dermal exposure to resuspended constituents from water in a sweat lodge. 
33 
34 Exposure Location 

35 The resident subsistence American Indian is assumed to live offsite within the Hanford offsite receptor 
36 exposure grid, consume fish from the Columbia River maximum, and consume wild game, wildfowl , 
37 wildfowl eggs, and plants harvested on the hunting/gathering area. The resident subsistence American 
38 Indian is also assumed to obtain drinking water and water for use in a traditional sweat lodge from the 
39 Columbia River maximum. The locations for each of these activities are described in more detail in 
40 Section 7. I. I. 
41 
42 The resident subsistence American Indian is assumed to live a traditional subsistence lifestyle, based on 
43 seasonal hunting, plant gathering, and fishing. This receptor is assumed to live, work, and play at a single 

1 The 1997 version of the Exposure Factors Handbook was the version available at the time of the development of 
this RA WP. In October 20 11 , EPA released Exposure Factors Handbook: 2011 Edition. Data from this later 
version will be used to supersede like data from the 1997 vers ion (as needed) as part of the FRA. This update is 
not anticipated to significantly alter the risk assessment results. 
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l location continuously (i .e., the resident subsistence American Indian is assumed to be at home 24 hours 
2 per day, 365 days per year) . It is assumed that the resident subsistence American Indian 's home is located 
3 within the offsite receptor grid. This offsite location is a 500 m x 500 m area represented by the 
4 90th percenti le of airborne and deposited emissions. 
5 
6 It is also assumed that consumption of food (wi ld game, wildfowl , wi ldfowl eggs, and wild plants) from 
7 the hunter/gatherer location, and consumption of fish from the Columbia River maximum, occur every 
8 day (365 days/year). The current and future hunting and gathering areas are defined as described above 
9 and shown in Figure 7-2 (i.e., [l] the Hanford Reach National Monument and Gable Mountain, and 

10 [2] the entire Hanford site). The assumption is that the time spent hunting, gathering, and fishing is 
11 negligible relative to the time spent at the offsite location, hence, there is no exposure time or exposure 
12 frequency associated with those particular locations. Furthermore, it is also assumed that adults and 
13 children spend l hour/day in a sweat lodge at the applicable exposure locations (offsite), but that the 
14 water used for the sweat lodge is from the Columbia River maximum as described above. Table 7-1 
15 should be consulted for a summary of pathways and associated exposure locations . 
16 
17 This approach is conservative because it includes the points of maximum concentration, expected to be 
18 located east of the 200 East Area, as well as the areas west and north of the 200 East Area where actual 
19 hunting, gathering, and fishing activities currently occur. 
20 
21 Exposure of the resident subsistence American Indian is considered a plausible scenario since 
22 ( 1) residents are present outside the site boundary and development could occur within the offsite 
23 location, and (2) American Indian people are presently allowed to access the Hanford site; however, this 
24 access is limited to individuals with security badges, and then only for limited purposes, such as religious 
25 purposes or to gather foods (approximately once per year) for ceremonies. 
26 
27 Current Exposure Timeframe 

28 The resident subsistence American Indian is assumed to have a lifetime (70-year) exposure duration. 
29 Since the time of maximum potential soil concentration occurs at plant shut down after 40 years of 
30 deposition, it is assumed that for a plant operating from year O to 40, the resident subsistence American 
31 Indian is exposed throughout the period of plant operation and subsequent to plant shutdown (years O to 
32 70). However, the resident subsistence American Indian child, who has a 6-year exposure duration, is 
33 assumed to be exposed from years 34 to 40 in the current scenario (child and adult are not necessarily the 
34 same individual). 
35 
36 Future Exposure Timeframe 

37 Since the resident subsistence American Indian is assumed to have a 70-year exposure duration, the future 
38 resident subsistence American Indian is assumed to be exposed from years 40 to 110. The resident 
39 subsistence American Indian child, who has a 6-year exposure duration, is assumed to be exposed from 
40 years 40 to 46 in the future scenario (child and adult are not necessarily the same individual). 
41 
42 The resident subsistence American Indian (adult and child) exposure time (hours per day) and frequency 
43 (days per year) are the same as the current exposure scenario. 
44 
45 Alternate Resident Subsistence American Indian, Scenario #1 

46 There are two alternate resident subsistence American Indian scenarios are included in this SLRA that are 
47 not necessarily endorsed by the DOE-ORP. These receptor scenarios were developed to more closely 
48 represent the lifesty le described by guidance documents issued by local tribes. The lifestyle and exposure 
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1 parameters of the first alternate resident subsistence American Indian are primarily based on data from 
2 Exposure Scenario for CTUIR Traditional Subsistence Lifeways (Harris and Harper 2004) and 
3 Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments (Harris 
4 2008). Other parameters were taken from the "A Native American Exposure Scenario" (Harris and 
5 Harper 1997) or from the EFH. Children's exposure parameters were developed by proportioning the 
6 child caloric intake reported in the CSEFH according to the various proportions of meat, vegetable, roots, 
7 etc. in the diet of the adult tribal member as reported in the guidance documents provided by the CTUIR. 
8 In order to assess the potential for exposure to a tribal member whose lifestyle differs from the resident 
9 subsistence American Indian described above, the uncertainty assessment of the PRA will include 

10 evaluation of the alternate resident subsistence American Indian exposure scenario described below. 
11 
12 The alternate resident subsistence American Indian #1 is assumed to live a traditional subsistence 
13 I ifestyle, based on a seasonal hunting, plant gathering, and fishing. This receptor is assumed to live, 
14 work, and play at a single location (i.e., assumed to be at home 24 hours per day, 353 days per year), but 
15 spends one day a month away from home participating in ceremonial activities (assumed to occur at 
16 Gable Mountain\ It is assumed that the resident's home is located within the offsite grid. The alternate 
17 resident subsistence American Indian # 1 (adult and child) is assumed to be exposed through inhalation of 
18 emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water, and ingestion of 
19 wild plants, game (including game organs), wild fowl and fish (including fish organs). The consumption 
20 of livestock, dairy products, and domestic produce does not occur in this scenario. The alternate resident 
21 subsistence American Indian # 1 is assumed to obtain fish, drinking water and water for sweat lodge 
22 activities from the point of maximum concentration in the Columbia River. No credit is given for soil and 
23 air exposures away from home (e.g., while hunting, gathering, fishing, or for ceremonial and cultural 
24 activities outside of the assessment area), except for the time spent at ceremonial activities at Gable 
25 Mountain. The exposure timing of this scenario is the same as the resident subsistence American Indian 
26 scenario described above; adult exposures in the current timeframe are assessed over a 70-year duration 
27 that spans the 40 year operational period of WTP and 30 years following its shutdown. Child exposures 
28 are assessed through age 6. Future timeframe exposures are assumed to occur immediately after plant 
29 shutdown. 
30 
31 Alternate Resident Subsistence American Indian, Scenario #2 

32 The alternate resident subsistence American Indian #2 refers to the second of two tribal lifestyles modeled 
33 in this exposure assessment that is not necessarily endorsed by the DOE-ORP. The lifestyle and exposure 
34 parameters of the second alternate resident subsistence American Indian are primarily based on data from 
35 Yakama Nation Exposure Scenario for Hanford Site Risk Assessment (RUDOLFI Inc. 2007). Other 
36 parameters were taken from the EFH. Children's exposure parameters were developed by proportioning 
37 the child caloric intake reported in the CSEFH according to the various proportions of meat, vegetable, 
38 roots, etc., in the diet of the adult tribal member as reported in the guidance documents provided by the 
39 Yakama Nation. In order to assess the potential for exposure to a resident subsistence American Indian 
40 whose lifestyle differs from the resident subsistence American Indian receptor described above, the 
41 uncertainty assessment of the PRA will include evaluation of the alternate resident subsistence American 
42 Indian exposure scenario described below. 
43 

2 The actual location of tribal ceremonial activities varies with the nature of the activity, and is considered 
confidential. Gable Mountain is chosen as the location for ceremonial activities in the WTP risk assessment 
because it is a place of significance and is in close proximity to WTP, making related exposures at this location 
conservative and bounding. 
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I The alternate resident subsistence American Indian #2 is assumed to live a traditional subsistence 
2 lifestyle, based on consumption of homegrown produce and livestock, in addition to seasonal hunting, 
3 plant gathering, and fishing. This receptor is assumed to live, work, and play at a single location 
4 continuously (i.e., the resident subsistence American Indian is assumed to be at home 24 hours per day, 
5 365 days per year). It is assumed that the resident's home is located within the offsite grid. The alternate 
6 resident subsistence American Indian #2 (adult and child) is assumed to be exposed through inhalation of 
7 emissions, ingestion of soil, inhalation of resuspended soil, ingestion of drinking water. This receptor' s 
8 diet includes domestic produce and livestock, supplemented with wild produce, game, and fish. To fully 
9 bound the estimated risk, it is assumed that all domestic produce and livestock is homegrown, and that all 

IO wild produce and game is taken from the hunter/gatherer area. The alternate resident subsistence 
11 American Indian #2 is assumed to obtain fish, drinking water and water for sweat lodge activities from 
12 the point of maximum concentration in the Columbia River. No credit is given for soi l and air exposures 
13 away from home ( e.g., whi le hunting, gathering, fishing, or for ceremonial and cultural activities away 
14 from home) . The exposure timing of this scenario is the same as the resident subsistence American 
15 Indian scenario described above; adult exposures in the current timeframe are assessed over a 70 year 
16 duration that spans the 40 year operational period of WTP and 30 years following its shutdown. Child 
17 exposures are assessed through age 6. Future timeframe exposures are assumed to occur immediately 
18 after plant shutdown. 
19 
20 7.1.3.10 Nursing Infant of Resident Subsistence American Indian 

21 General Description 

22 The nursing infant of the subsistence tribal resident is the infant of the adult resident subsistence 
23 American Indian described above. 
24 
25 Exposure Pathways 

26 The nursing infant of the resident subsistence American Indian is assumed to be exposed to 
27 PCDDs/PCDFs, coplanar PCBs, and four RO PCs through ingestion of breast milk from the adult resident 
28 subsistence American Indian exposed through inhalation of emissions; ingestion of soil; inhalation of 
29 resuspended soil; ingestion of drinking water; and ingestion of traditional foods. It is assumed that the 
30 mother does not participate in sweat lodge activities during the lactation period, and is therefore not 
31 exposed to pathways associated with the sweat lodge. 
32 
33 Exposure Location 

34 The nursing infant of the resident subsistence American Indian is assumed to reside with the resident 
35 subsistence American Indian described above within the Hanford offsite location. The current and future 
36 exposure of a nursing infant of the resident subsistence American Indian within the Hanford offsite grid is 
37 considered a plausible scenario because residents are present outside the Hanford site boundary and 
38 development could occur at the offsite maximum point or points within the next 40 years. 
39 
40 7.1.3.11 Acute Exposure 

41 The EPA (2005a) recommends evaluating potential acute exposures in addition to the chronic exposures 
42 evaluated by previously described exposure scenarios. The acute exposure scenario includes direct 
43 inhalation of airborne COPC and ROPC emissions and exposure to external radiation from airborne 
44 ROPC emissions at the estimated maximum one-hour concentration. The receptor for the acute exposure 
45 scenario is located at the point of maximum one-hour concentration and is independent of land use. 
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Because the acute exposure scenario is based on the maximum-modeled concentration and assumes that a 
receptor will be present at the location of that maximum during the hour in which it occurs, this is 
considered a worst-case scenario. However, it may also represent a plausible location for the receptor. 

This acute scenario is designed to evaluate the worst-case air concentration resulting from normal 
emissions combined with short-term meteorological conditions that result in higher than normal air 
concentrations. Acute emissions estimates include process upset and cell emissions in addition to normal 
stack emissions as described in Section 5. The acute scenario is not an accident (e.g. , fire , explosion) 
scenario. Accident scenarios are evaluated in separate documents to support nuclear licensing 
requirements. 

Because the WTP facilities do not handle waste outside the buildings (all waste management activities are 
conducted inside the negative pressure cells, in sealed transport containers, or doubly contained pipelines) 
and do not release uncontrolled emissions except through building ventilation systems, there are no 
"fugitive" emissions. The building cell ventilation systems are equipped only with HEPA filters to 
control particulate and do not control vapors . Within WTP, the process upset and cell emissions are those 
vapor emissions that leak from valve, connectors, etc. within the facility that are incidental to waste 
processing and considered uncontrolled, with the exception of HEPA filtration control of the particulate 
phase. 

7.1.4 Exposure Pathways 

Exposure pathways to be evaluated for each of these exposure scenarios are summarized in Table 7-1 and 
the conceptual exposure model (Figure 7-4). Both direct exposure to emissions and indirect exposure to 
other media (such as soil and food) contaminated by emissions will be evaluated. The following are 
direct exposure pathways to be included in the quantitative risk assessment: 

27 • COPCs and ROPCs 

28 Direct inhalation of emissions 

29 • ROPCs only 

30 - External exposure to radionuclides in air 

31 
32 Indirect exposure pathways to be included in the quantitative risk assessment are as follows: 
33 
34 • COPCs and ROPCs 

35 Ingestion of soil 

36 - Inhalation ofresuspended soil 

37 - Ingestion of homegrown or wild gathered produce 

38 - Ingestion of homegrown beef, milk, chicken, eggs, and pork 

39 - Ingestion of wild game, wildfowl, and wildfowl eggs 

40 - Ingestion of drinking water 

41 - Ingestion of fish 

42 Inhalation of vapors and suspended particulates in sweat lodge 

43 - Dermal absorption in the sweat lodge 

44 • ROPCs only 
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l - External exposure to radionuclides in soil 

2 • PCDDs/PCDFs, PCBs, and selected ROPCs (Sr-90, I-129, Cs-134, and Cs-137) only 

3 - Ingestion of breast milk 

4 
5 External radiation exposure will be quantitatively evaluated for radionuclides in air and soil. External 
6 radiation exposure is not expected to be significant for surface water because of the following: 
7 
8 • Distance from the WTP to the Columbia River will resu lt in extremely low concentrations ofROPCs 
9 through deposition. 

10 • ROPC concentrations in air near the WTP and in soil following deposition and accumulation will far 
I l exceed surface water concentrations. 

12 • Exposure to air and soil is continuous, while potential exposure to surface water is intermittent. 

13 
14 Therefore, external radiation exposure will not be evaluated for surface water because the distance from 
15 the WTP to the Columbia River will result in extremely low concentrations of RO PCs through deposition 
16 compared with other media. 
17 
18 The EPA (2005a) has identified the following three exposure pathways, genera lly considered insignificant 
19 contributors to risk at thermal treatment facilities: 
20 
21 • Groundwater pathways 

22 • Resuspended dust 

23 • Dermal contact 

24 
25 Groundwater pathways are generally not significant contributors to risk from airborne emissions because 
26 exposure concentrations in groundwater following air di spersion, deposition, leaching, and groundwater 
27 dispersion are much less than concentrations in air, soi l, and other media. Conditions at the Hanford site 
28 (i.e., low precipitation) will make the contribution to groundwater even less than at other sites . Therefore, 
29 exposure to groundwater will not be included in the quantitative risk assessment. However, surface water 
30 concentrations will be used to evaluate the ingestion of drinking water, as well as inha lation and dermal 
31 absorption from exposure in a sweat lodge. 
32 
33 Inhalation of resuspended dust can be an important exposure pathway at contaminated sites where the 
34 contaminant source is at the surface or in the soil, as explained in the air-dispers ion modeling 
35 portion (Section 6) of this work plan . At these sites, dust resuspension generally represents the only 
36 source of inhalation exposure (unless significant volatiles are present). At sites such as the WTP where 
37 the source of CO PCs and ROPCs is airborne emissions, direct, continuous inhalation of these emissions is 
38 a much more important exposure pathway than periodic inhalation of fugitive dust. Although it is 
39 generally considered insignificant at most sites, inhalation of resuspended dust wi ll be inc luded in the 
40 SLRA (CCN 064332) because of the dry, dusty conditions at the Hanford site. 
41 
42 Dermal exposure pathways (to soi l, surface water, or air) will not be included in the SLRA, with the 
43 exception of exposures from participation in sweat lodge activities. This is a non-conservative 
44 assumption (i.e., it will underestimate exposure to contaminants in soil , surface water, and air) because 
45 dermal contact will occur. However, dermal exposure pathways have been identified as insignificant 
46 contributors to risk in numerous risk assessments prepared or reviewed, or both, by EPA for airborne 
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l emissions from thermal treatment facilities (i .e. , the amount that exposure is underestimated due to 
2 excluding this pathway is insignificant). If initial PRA results indicate that the soil ingestion pathway 
3 results in risks that are borderline for any plausible receptor, then the dermal exposure pathway may be 
4 included in the PRA. A discussion of the potential impact associated with exclusion of this minor 
5 pathway from the quantitative risk assessment will be included in the uncertainty assessment of the PRA. 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
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45 

46 

7. 1.5 Quantification of Exposure 

The following subsections provide the equations that wi ll be used to quantify intake (or dose) for each 
COPC and ROPC. The equations used to quantify exposures to COPCs and ROPCs differ slightly. 
Estimates of COPC intake will be quantified as the lifetime average daily dose (LADD) and average daily 
dose (ADD) in units of mg/kg-day. The LADD defines a dose level that is distributed (averaged) over an 
entire lifetime. Unlike the LADD, the ADD is averaged over a specific incremental exposure period rather 
than an entire lifetime. Estimates of ROPC intake wi ll be quantified as a total intake in units of picocuries 
(pCi) over the entire exposure duration. This is explained in greater detail below. 

The EPCs for CO PCs have units of mass per mass of media (mg/kg for soil, sediment, and food) and 
mass per volume of media (mg/L for surface water and µg/m 3 for air). The corresponding daily intake (or 
dose) units for COPCs are in mass per mass per time (mg/kg-day), that is, the mass concentration of the 
exposure media per unit time. The EPCs for ROPCs have units of activity per mass of media (pCi/g for 
soil and food) and activity per volume of media (pCi/L for surface water and pCi/m3 for air) . The 
corresponding intake (or dose) units for ROPCs are activity (pCi), that is, total radioactivity received over 
the entire exposure period. This is because the dose due to uptake of a COPC is averaged over the 
exposure period while the dose from ROPC exposure is cumulative. Accordingly, cancer slope factors 
for COPCs are in units of time per mass concentration (day-kg/mg) , reference doses for COPCs are in 
units of mass concentration per unit time (mg/kg-day), whi le slope factors for ROPCs are in units of per 
radioactivity (pCi-1

) . 

The intake equations presented in the HHRAP (EPA 2005a) are for use with COPCs and reflect the 
exposure concentration (EC) or daily intake (/) for CO PCs for an assumed exposure time of 24 hours/day. 
However, for the exposure scenarios considered in this risk assessment, the exposure time (the amount of 
time each day that a receptor is exposed), as well as exposure frequency (number of exposure events in 
days per year), and the exposure duration (the number of years of exposure) vary as a function of receptor 
lifestyle. The HHRAP does not provide equations for periodic exposures due to varied exposure times, 
however, RAGS Part F (EPA 2009) states that exposures can be weighted by the fraction of the total 
exposure time that each period represents. That is, the exposure (EC) can be weighted according to the 
ratio of the exposure time over the averaging time. Accordingly, daily intake of CO PCs are corrected for 
receptor exposure time by multip lying the daily intake (as computed in accordance with the HHRAP) by 
the receptor exposure time (ET) (described in subsequent sections of this work p lan) as shown in the 
equations for intake. In addition, since risk is to be estimated by applying the reference dose or cancer 
slope factor, the following equations are used to convert daily COPC intake into a LADD and ADD in 
units of mg/kg-day. The equations below are based on the equations that appear in HHRAP Tab les C-1-7 
and C-1-8, and in RAGS Part F Equation 6: 

for carcinogenic CO PCs and RO PCs: 

LADD = I · ED; . EE; and EC = C . ET; . EF; . ED; 
1 1 AT ·CF I 

a AT ·CF 
C C 

Page 7-20 

j 



2 

3 where: 
4 
5 
6 

7 
8 

9 

10 

11 

12 
13 

14 
15 

16 
17 

18 
19 

20 

21 
22 

24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

for non-carcinogenic COPCs: 

ADD; 

ED · EF ET; · EF; · ED; 
ADD = I · ' ' and EC; = Ca 

' ' AT,v· CF ATN ·CF 

average daily dose due to exposure pathway i for the receptor's total exposure period 
(mg/kg-day) 

LADD; = lifetime average daily dose due to exposure pathway i for the receptor's total exposure 
period (mg/kg-day or pCi) 

EC; 

ED; 

EF; 

ET; 

ATc 

CF 

exposure concentration due to exposure pathway i (µg/m 3 or pCi/m3
) 

daily intake due to exposure pathway i (mg/kg-day or pCi) 

contaminant concentration in air (µg/m 3 or pCi/m3
) 

exposure duration at the location where the receptor is exposed to pathway i (number 
of years that the receptor is exposed to the COPC or ROPC) 

exposure frequency at the location where the receptor is exposed to pathway i (number 
of days per year that the receptor is exposed to the COPC or ROPC) 

exposure time at the location where the receptor is exposed to pathway i (number of 
hours per day that the receptor is exposed to the COPC or ROPC) 

averaging time for noncarcinogens, typically the same as the receptor's exposure 
duration (yr) 

averaging time for carcinogens, typically the lifetime of the receptor (yr) 

conversion factor of 365 day/yr for LADD; and ADD;, and 8760 hr/yr for EC; 

23 Cumulative ADDs and LADDs for each constituent can be computed by summing the ADD and LADD for 
24 a COPC from each app licable pathway. 
25 
26 The equations that w ill be used to quantify intake or exposure due to each of the exposure pathways are 
27 based on those presented in Appendix C of EPA 2005a. The EPCs of each exposure medium (such as air 
28 and soil) will be calculated as described in Sections 6.1.4 and 7.1.7 of this RA WP. Receptor-specific 
29 exposure parameters (such as exposure frequency and duration) are summarized in the tables listed below: 
30 

3 1 

Receptors 

Hanford Site Industrial Worker 
Resident 
Resident Subsistence Farmer 
Resident Subsistence Fisher 
Resident Subsistence American 
Indians 

Exposure Parameters 

Table 7-2 
Table 7-3 
Table 7-4 
Table 7-5 
Table 7-6, Table 7-7 and Table 7-8 

32 The equations provided in the following subsections, a long with the source of the EPCs and exposure 
33 parameters that wil l be used in these equations, are summarized below: 
34 
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Exposure Medium and 
Pathway 

Air (Section 7.1.5.1) 

Inhalation of 
em1ss1ons 

External exposure to 
ROPCs in air 

Soil (Section 7.1.5.2) 

Incidental ingestion 

Inhalation of 
resuspended dust 

External exposure to 
ROPCs in soil 

Foodstuffs (Section 7.1.5.3) 

Equation 

modified HHRAP Table C-2-1 

modified Eq. 5 from 
EPA 2000 

HHRAP Table C-1-1 and 
modified Eq. 1 from 
EPA2000 

modified HHRAP Table C-2-1 
and modified Eq. 3 from 
EPA 2000 

modified Eq. 5 from 
EPA 2000 

Ingestion of domestic HHRAP Table C-1-2 
and wild produce 

Ingestion of domestic 
livestock and/or wild 
game 

Ingestion of fish 

HHRAP Table C-1-3 

HHRAP Table C-1-4 

Surface Water (Section 7.1.5.4) 

Drinking water 
ingestion 

HHRAP Table C-1-5 

Sweat Lodge (Section 7.1.5.5) 

Inhalation in sweat 
lodge 

Dermal exposure in 
sweat lodge 

modified Eqs. 7 and 15 in 
Appendix 4 of Harris and 
Harper (2004) 

modified Eq. 18 in Appendix 4 
of Harris and Harper (2004) 

7.1.5.1 Direct Exposure to Air 

Source of 
Exposure 
Point 
Concentrations 

Section 6.1 

Section 6.1 

Section 6.2 

Section 6.2 

Section 6.2 

Section 6.5 

Section 7 .1. 7.4 

Section 7.1. 7 .5 

Section 6.3 

Section 6.3 

Section 6.3 

Applicable 
Receptor 

All 

All 

All 

All 

All 

All 

Farmer 
American Indian 

Fisher 
American Indian 

All 

American Indian 

American Indian 

3 Direct exposure to air includes inhalation of vapor and particulate emissions and external exposure to 
4 ionizing radiation in air. 
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1 
2 Direct Inhalation 

3 A modified version of the equation in Table C-2-l of the HHRAP will be used to calculate the inhalation 
4 of vapor phase and particulate emissions. The equation is modified by the introduction of the exposure 
5 time in accordance with RAGS Part F guidance (Equation 6) for periodic or microenvironment exposures 
6 (the HHRAP equation for exposure concentration from direct inhalation assumes a 24 hr/day exposure 
7 time). 
8 

9 

10 
11 where: 
12 

C ·ET-EF-ED EC
1 

=-a _ ___ _ 
/Ill AT-CF 

(modified HHRAP Table C-2-1 ) 

13 EC;,,1, = exposure concentration of CO PCs or ROPCs through inhalation of emissions (rng/rn3 or 
14 pCi/m3

) 

15 
16 

concentration of COPC or ROPC in air (µg/m 3 or pCi/m3
) calculated as described in 

Section 6.1 

17 

18 

19 

20 

21 

22 

ET 

EF 

ED 

AT 

CF 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

averaging time for carcinogens (A Tc) or noncarcinogens (ATN) (yr) 

. . f: f 6 day hr umts conversion actor o 3 5- • 24 -
yr day 

23 For RO PCs, inhalation slope factors take into account the age- and gender-dependence of radionuclide 
24 intake, metabolism, dosimetry, radiogenic risk, and competing causes of death in estimating the cancer 
25 risk from low-level exposures to radionuclides in the environment (EPA 200 l ). Accordingly, the 
26 exposure concentration from ROPCs is converted to intake based on the inhalation rate and averaging 
27 time of the exposure. For ROPCs the total exposure from inhalation of air is: 
28 
29 

30 

ROPCs: I ;,,1, = EC;,,1, ·JR · AT · CF (modified HHRAP Table C-3-l ) 

31 where: 
32 
33 ! ;111, intake of ROPC via inhalation (pCi) 

34 EC;,,1, = exposure concentration of RO PCs through inhalation of emiss ions (pCi/m3
) 

35 IR inhalation rate (rn3/hr) 

36 

37 

38 

AT 

CF 

averaging time for carcinogens (ATc) (yr) 

units conversion factor of 8760 (hr/yr) 

39 External Exposure in Air 

40 A modified version of Equation 5 from Soil Screening Guidance for Radionuclides: Technical 
41 Background Document (EPA 2000) will be used to calculate the external exposure to ionizing radiation in 
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l air from ROPCs. The equation has been modified by substituting air concentration for soil screening 
2 level and dividing by the slope factor to derive a dose. 
3 
4 

5 
6 
7 
8 

ROPCs: I ;ra =Ca · EF · ED -ACF· [ET
0 

+(ET; · SJ· CF (mod ified Eq. 5 from EPA 2000) 

where: 

I ;ra external exposure to radiation from RO PCs in air (Bq-sec/m3
) 

9 C0 average air concentration of ROPC (pCi/m3
) calculated as described in Section 6.1 

EF exposure frequency (day/yr) 

ED exposure duration (yr) 

ACF = area correction factor for an infinite slab, 1.0 (unitless) 

10 

11 

12 

13 
14 

ET0 exposure time fraction outdoors (unitless); receptor-specific ET0 values are described 
below 

15 
16 

ET; exposure time fraction indoors (unitless); receptor-specific ET; values are described 
below 

17 Se shielding factor (unitless); Se is described below 

18 C . . f: f Bq sec 'F units conversion actor o 0.37 - · 86400-
pCi day 

19 
20 The exposure time fraction outdoors (ET0 ) represents the fraction of the day that the receptor is at the 
21 exposure location and outdoors while the fraction indoors (ET;) represents the fraction of the day that the 
22 receptor is at the exposure location and indoors. 
23 
24 For the resident scenario, it is assumed that adults spend 94 % of their time indoors and 6 % outdoors 
25 (EPA 1997a) while chi ldren spend 77 % of their time indoors and 23 % outdoors. The median percent of 
26 time spent outdoors on a farm (adults and children) is reported as 12 %, and the 90th percentile is reported 
27 as 42 % (EPA 1997a). For the resident subsistence farmer and subsistence fisher scenarios, receptors 
28 (both adults and children) are assumed to spend 42 % of their time outdoors and 58 % indoors 
29 (approximately an additional 8 hours outdoors each day) . For the resident subsistence American Indian, 
30 the time spent outdoors is based on values provided in the TC&WM EIS (i.e. , 66 % indoors, 12 % 
31 outdoors for both adults and children) . The resident subsistence American Indian also spends 2 hours/day 
32 (8 %) in a sweat lodge and another 14 % of time at an undisclosed location. External air exposure is not 
33 assessed at these locations because they are presumed to be locations where ionizing radiation is not an 
34 issue. Adults and children in the alternate tribal scenarios are assumed to spend 50 % of their time 
3 5 outdoors and 50 % indoors ( alternate scenario # 1, based on Harper 1997), 29 % of their time outdoors and 
36 71 % of their time indoors (alternate scenario #2, based on RUDOLF! Inc. 2007). 
37 
38 For the Hanford site industrial worker scenario, it is assumed that work is performed both outdoors and 
39 indoors; therefore, workers spend 50 % of their work day indoors and 50 % outdoors. Outdoor 
40 occupancy patterns of the worker after work are assumed to be the same number of hours as the resident 
41 (6 % of the 24-hour day outdoors - that is, 1.44 hours/day), leaving the remaining hours of the day for 
42 indoor activities (equating to 61 % of the 24-hour day). During the weekend and other non-work days, 
43 the worker 's outdoor/indoor occupancy fraction is assumed to be the same as the resident' s. 
44 
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l A shielding factor of 0.4 is used (EPA 2000) to account for shielding whi le the receptor is indoors. No 
2 shielding is assumed while the receptor is outdoors, as the gamma radiation originating in soil is not 
3 impeded by a solid obstacle prior to intercepting the receptor. 
4 

5 7.1.5.2 Exposure to Soil 

6 Exposure to soil includes ingestion of soil , inhalation of resuspended so il , and external exposure to 
7 ROPCs in soil. 
8 
9 lngestion of Soil 

IO Table C- l - l of the HHRAP wi II be used to calculate the average soil concentration over exposure 
l I duration for CO PCs. The equation is modified with the use of the exposure time parameter. Use of this 
12 parameter is necessary since the exposure time of receptors varies for the scenarios considered in the risk 
l 3 assessment. A modified version of Equation l from Soil Screening Guidance for Radionuclides: 
14 Technical Background Document (EPA 2000) wi ll be used to calculate the ingestion of so il for RO PCs. 
l 5 The ROPC equation from EPA (2000) has been modified by substituting soil concentration for soil 
l 6 screening leve l and di viding by the slope facto r to derive an intake. 
17 

18 

19 
20 

21 
22 where: 
23 
24 

25 

26 

27 

28 

29 

30 

3 1 

32 

33 

34 

COPCs: f . == Cs . ET. CRsoil . F; 
s0,1 B W. CF, 

(HHRAP Table C-1-1 ) 
I 

ROPCs: [50;1 ==Cs· CR50 ;1 · F; ·ET· EF ·ED · CF2 (modified Eq. l from EPA 2000) 

fsoil 

Cs 

CRsoil 
F; 

ET 

EF 
ED 

BW 

intake ofCOPC or ROPC due to soil ingestion (mg/kg- day or pCi) 

concentration of COPC or ROPC in so il (mg/kg or pCi/g) calculated per Section 6.2 

consumption rate of so il (kg/day) 

fraction of ingested soil that is contaminated (unitless) 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

body weight (kg) 

. . ~ f hr urnts convers10n 1actor o 24 -
day 

units conversion factor of 1000 (g/kg) 

35 lnhalation of Resuspended Soil 

36 A modified version of Equation 3 from Soil Screening Guidance for Radionuclides: Technical 
37 Background Document (EPA 2000) wi ll be used to calculate exposure resulting from inhalation of 
38 resuspended soi l using the particulate emission factor (PEF) approach from the EPA soi l screening 
39 guidance (EPA 2000). The equation has been modified by substituting soil concentration for soil 
40 screening level and dividing by the slope factor to derive a dose. To derive the intake of CO PCs and 
41 ROPCs from soi l inhalation, the equation for exposure concentration (HHRAP Table C-2-1 ), is modified 
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l by substituting the soil concentration divided by the PEF for the air concentration. The equation is 
2 further modified by the introduction of the exposure time in accordance with RAGS Part F guidance for 
3 periodic or microenvironment exposures. Terms for these exposure parameters are applied using the 
4 equations for hazard index (HHRAP Table C-1 -7) and cancer risk (HHRAP Table C-1-8). 
5 

6 

7 

8 
9 where: 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

(__Q_) ·ET· EF · ED 
PEF 

COPCs: EC , == -'----'------
so, AT· CF; 

(__Q_) ·ET · EF · ED· CF 
PEF 2 

RO PCs: £Cs , == -'----'--------
0' AT-CF; 

(modified HHRAP Table C-2-1) 

(modified HHRAP Table C-2-1) 

ECsoil 

Cs 

PEF 

JR 

ET 

EF 

ED 

BW 

intake of COPC or ROPC through inhalation of resuspended soil (mg/m3 or pCi/m3
) 

soil concentration ofCOPC or ROPC (mg/kg or pCi/g) calculated per Section 6.2 

particulate emission factor (m3/kg); PEF is described below 

inhalation rate (m3/hr) 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

body weight (kg) 

. . ~ f hr units conversion 1actor o 24-
day 

units conversion factor of I 000 (g/kg) 

22 The PEF relates the concentration of contaminant in soil with the concentration of dust particles in the air. 
23 The presence of vegetation, gravel, pavement, or other cover will prevent the generation of fugitive dust. 
24 EPA default PEF values assume 50 % vegetative cover and 50 % open soil. The EPA provides 
25 site-specific dispersion modeling and meteorological factors for 29 cities in the United States and 
26 recommends developing a site-specific PEF by identifying the climatic zone for the site (Figure A-1, 
27 EPA 2000) followed by selecting modeling parameters corresponding to the site's climatic zone and size. 
28 The Hanford site is located in Climatic Zone 4, so a value of 40.4 is used to describe the inverse mean 
29 concentration at center of a 30-acre-square source (average value of climatic zone 4 cities). An average 
30 wind speed of3 .23 mis (average value from Hanford Meteorological Station measurements) and a 
31 particle size mode of 262 µm have been chosen to represent site conditions (refer to Appendix A). Using 
32 methodologies found in Streile et al. (1996) and Cowherd et al. (1985), the PEF is conservatively 
33 estimated at 7.06 x 107 m3/kg. Refer to the discussion in Appendix A for additional details. 
34 
35 The intake of radionuclides due to inhalation of resuspended soil can be computed using the same 
36 conversion equations used to calculate the intake from air inhalation as previously discussed. 
37 
38 ROPCs: Jinhsoil == ECsoil -JR · AT· CF (modified HHRAP Table C-3-1) 

39 
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l where: 
2 
3 I ;nhsoil = intake of constituent via inhalat ion (pCi) 

4 ECsoil = exposure concentration of CO PCs or RO PCs through inhalation of emiss ions (pCi/m3
) 

5 IR inhalation rate (m3/hr) 

6 AT averaging time for carcinogens (ATc) (yr) 

7 CF units conversion factor of 8760 (hr/yr) 
8 
9 External Exposure to Soil 

lO A modified version of Equation 5 from Soil Screen ing Guidance for Radionuclides: Technical 
l l Background Document (EPA 2000) will be used to calculate the external exposure to ionizing radiation in 
12 so il fro m ROPCs. The equation has been modified by substituting so il concentration for so il screening 
13 level and di viding by the slope factor to derive a dose. 
14 

15 

16 
17 
18 
19 

20 

2 1 

22 
23 

24 
25 

26 
27 

28 

29 

30 

where: 

. Cs-EF · ED-ACF-[ET
0 

+ET; -(I-SJ] 
ROPCs. f irs = CF (modi fied Eq. 5 from EPA 2000) 

Cs 

ACF= 

EF 

ED 

ET0 

ET; 

external exposure to radiation from RO PCs in soil (pCi-yr/g) 

so il concentration of ROPC (pCi/g) calculated per Section 6.2 

area screening factor, 1.00 

exposure freq uency (day/yr) 

exposure duration (yr) 

exposure time fraction outdoors (unitless); receptor-specific ET0 values are described 
be low 

exposure time fraction indoors (un itless); receptor-specific ET; va lues are described 
below 

shielding factor (unitless); Se is described below 

un its conversion factor 365 ( day/yr) 

3 1 The exposure time fraction outdoors (ET0 ) represents the fraction of the day that the recepto r is at the 
32 exposure location and outdoors, while the fraction indoors (ET;) represents the fract ion of the day that the 
33 receptor is at the exposure location and indoors. 
34 
35 For the res ident scenario, it is assumed that adul ts spend 94 % of their time indoors and 6 % outdoors 
36 (EPA 1997a) while children spend 77 % of their time indoors and 23 % outdoors. The median percent of 
37 time spent outdoors on a farm (adul ts and children) is reported as 12 %, and the 90th percentile is reported 
38 as 42 % (EPA 1997a). For the res ident subsistence fa rmer and subsistence fis her scenarios, receptors 
39 (both adults and chi ldren) are assumed to spend 42 % of their time outdoors and 58 % indoors 
40 (approximately an additional 8 hours outdoors each day) . For the resident subsistence American Indian, 
41 the time spent outdoors is based on values provided in the TC&WM EIS (i.e. , 66 % indoors, 12 % 
42 outdoors for both adults and chi ldren). The resident subsistence American Indian also spends 2 hours/day 
43 (8 %) in a sweat lodge and another 14 % of time at an undisclosed location. External soi l exposure is not 
44 assessed at these locations because they are presumed to be locations where soi l contamination is not an 
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1 issue. Adults and children in the alternate American Indian scenarios are assumed to spend 50 % of their 
2 time outdoors (alternate scenario # 1, based on Harper 1997) and 29 % of their time outdoors (alternate 
3 scenario #2, based on RUDOLF! Inc. 2007). 
4 
5 For the Hanford site industrial worker scenario, it is assumed that work is performed both outdoors and 
6 indoors; therefore, workers spend 50 % of their work day indoors and 50 % outdoors. Outdoor 
7 occupancy patterns of the worker after work are assumed to be the same as the resident ( 6 % of the 
8 24-hour day outdoors - that is, 1.44 hours/day) , leaving the remaining hours of the day for indoor 
9 activities ( equating to 61 % of the 24-hour day). During the weekend and other non-work days, the 

10 worker' s outdoor/indoor occupancy fraction is assumed to be the same as the resident's . 
I 1 
12 A shielding factor of 0.4 is used (EPA 2000) to account for shielding while the receptor is indoors. No 
13 shielding is assumed whi le the receptor is outdoors, as the gamma radiation originating in soi l is not 
14 impeded by a solid obstacle prior to intercepting the receptor. 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 

32 
33 

34 

35 
36 

37 

38 
39 
40 
41 

42 
43 
44 

7.1.5.3 Exposure to Foodstuffs 

Exposure to foodstuffs includes ingestion of domestic produce by the resident; ingestion of domestic 
produce, beef, pork, milk, chicken, and eggs by the resident subsistence farmer; ingestion of domestic 
produce and fish by the resident subsistence fisher; and ingestion of wild plants, wild game, wildfowl, 
wildfowl eggs, and fish by the resident subsistence American Indian and the alternate resident subsistence 
American Indian # 1. The alternate tribal resident #2 consumes domestic foods and supplements his/her 
diet with wild foods . 

Ingestion of Produce 

Table C-1 -2 of the HHRAP will be used to calculate the ingestion ofCOPCs in domestic produce and 
wild plants. A modified version of the equation in Table C-1-1 of the HHRAP will be used to calculate 
the ingestion ofROPCs in domestic produce and wild plants. The equation is modified by multiplying by 
the receptor body weight since the consumption rate is in terms of unit body weight. 

where: 

COPCs: (HHRAP Table C-1-2) 

Jag = l( Pd+ Pv +Prag ) . CRag +Prag. CR PP + Prbg . CRbg J- Fag 

ROPCs: (modified HHRAP Table C-1 -2) 

J =1( Pd+Pv+Pr )-CR +Pr -CR +Pr -CR j-F -EF -ED-BW -CF ag ~ ag ag ag pp bg bg ag 

for carbon-14 and tritium: 

Jag = lcv -(CRag + CR PP + CRbg )j- Fag . EF -ED- BW . CF 

lag 

Pd 

intake of COPC or ROPC through ingestion of produce (mg/kg-day or pCi) 

COPC or ROPC concentration in aboveground produce due to direct deposition onto 
plant surfaces (mg/kg or pCi/g) calculated per Section 6.6. Pd is zero in future 
exposure scenarios since they occur after cessation of emissions. 
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2 
3 

4 
5 

6 
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8 
9 

10 

I l 

12 

13 

14 

15 

16 

17 

18 

Pv 

Cv 

F ag 

EF 

ED 

BW 

CF 
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COPC or ROPC concentration in aboveground produce due to air-to-plant transfer 
(mg/kg or pCi/g) calculated per Section 6.6. Pv is zero in future exposure scenarios 
since they occur after cessation of emissions. 

COPC or ROPC concentration in aboveground produce due to root uptake (mg/kg or 
pCi/g) calculated per Section 6.6 

COPC or ROPC concentration in belowground produce due to root uptake (mg/kg or 
pCi/g) calculated per Section 6.6 

plant concentration (carbon-1 4, Cvrc-J4J, and tritium, Cv(ln;) as discussed in 
Section 6.6.2 (pCi/g) 

consumption rate of aboveground unprotected produce (kg/kg-day) 

consumption rate of aboveground protected produce (kg/kg-day) 

consumption rate of belowground produce (kg/kg-day) 

fraction of ingested produce that is contaminated ( unitless) 

exposure frequency (day/yr) 

exposure duration (yr) 

body weight (kg) 

units conversion factor of 1000 (g/kg) 

19 Consumption rates for produce (kg/kg-day) are found in Table 7-2, Table 7-3, Table 7-4, Table 7-5, 
20 Table 7-6, Table 7-7, and Table 7-8. 
21 
22 Ingestion of Animal Products 

23 Table C-1-3 of the HHRAP will be used to calculate the ingestion of CO PCs and RO PCs in homegrown 
24 beef, milk, pork, poultry, wi ldfowl , eggs, and wild game. 
25 
26 

27 
28 

29 
30 
31 
32 
33 
34 

35 
36 

37 
38 

39 

40 

41 

42 

43 

where: 

COPCs: I ; = A;· CR; · F; (HHRAP Table C- 1-3) 

(modified HHRAP Table C- 1-3) ROPCs : I ; =A; -CR; ·F; -EF -ED -BW -CF 

I; 

A; 

CR; 

F; 

EF 

ED 

BW 

CF 

intake of COPC or ROPC from animal product i (such as I beef, I milk, ( ,ork, f µoultry, f eggs for 
the subsistence farmer, and f wild fowl , f wild eggs , I game, l gameo,gans for the American Indian 
scenarios) (mg/kg-day or pCi) 

concentration of COPC or ROPC in animal product i (mg/kg or pCi/g) calculated per 
Section 7.1.7.4 

consumption rate of animal product i (kg/kg-day); see Table 7-4, Table 7-6, Table 7-7, 
and Table 7-8 for values . 

fraction of ingested animal tissue that is contaminated (unitless) 

exposure frequency (day/yr) 

exposure duration (yr) 

body weight (kg) 

units conversion factor of 1000 (g/kg) 
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2 Ingestion of Fish 

3 A modified version of the equation in Table C-1-4 of the HHRAP will be used to calculate the ingestion 
4 of COPCs and ROPCs in fish . The modification is needed to account for consumption of fish organs by 
5 American Indian receptors. 
6 

7 

8 

9 
10 
11 

12 

13 
14 
15 

16 

17 
18 
19 

20 

21 

22 
23 

24 

25 

26 

where: 

COPCs: I fish = (c fish . CR fish + c organs . CRorgans )· Ffish (HHRAP Table C-1 -4) 

RO PCs: I fish = (c fish . CR fish + c organs . CRorgans )· Ffish . EF . ED. BW . CF (modified HHRAP 
Table C-1-4) 

Corgans 

CRorgans 

ED 

BW 

CF 

intake of COPC or ROPC from fish (mg/kg-day or pCi) 

concentration of COPC or ROPC in fish (mg/kg or pCi/g); Cfisb wi ll be calculated 
from surface water or sediment concentrations as applicable, calculated per Sections 
6.3 and 6.4 

consumption rate of fish fillets (kg/kg-body weight/day) 

concentration of COPC or ROPC in fish organs (mg/kg or pCi/g) ; Corgans will be 
calculated from surface water and sediment concentrations calculated per Sections 
6.3 and 6.4 

consumption rate of fish organs (kg/kg-body weight/day) 

fraction of ingested fish that is contaminated (unitless) 

exposure freq uency (day/yr) 

exposure duration (yr) 

body weight (kg) 

units conversion factor of 1000 (g/kg) 

27 Fish consumption rates are found in Table 7-5 , Table 7-6, Table 7-7, and Table 7-8. 

28 

29 7.1.5.4 Exposure to Surface Water 

30 Exposure to surface water includes the ingestion of surface water as drinking water and sweat lodge 
31 exposures through inhalation and dermal contact (Section 7.1.5 .5) . 
32 
33 Ingestion of Drinking Water 

34 Table C-1-5 of the HHRAP wi ll be used to calculate the ingestion ofCOPCs and ROPCs in drinking 
35 water. 
36 

37 

38 
39 

40 

COPCs: I = c dw . CRdw . Fdw 
dw BW 

ROPCs: I dw = c dw . CRdw. Fdw . EF. ED 

(HHRAP Table C-1-5) 

(modified HHRAP Table C-1-5) 
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Idw intake of COPC or ROPC from drinking water (mg/kg-day or pCi) 

Cdw dissolved-phase COPC or ROPC water concentration (mg/Lor pCi/L) calculated per 
Section 6.3 

CRdw = consumption rate of drinking water (L/day) 

F; fraction of ingested drinking water that is contaminated (unitless) 

EF exposure frequency (day/yr) 

ED exposure duration (yr) 

B W body weight (kg) 

12 Consumption rates for drinking water are found in Table 7-2, Table 7-3, Table 7-4, Table 7-5, Table 7-6, 
13 Table 7-7, and Table 7-8. 
14 
15 7.1.5.5 Sweat Lodge Exposures 

16 Two exposure pathways wil l be evaluated for the sweat lodge: inhalation and dermal absorption. 
17 
18 Inhalation in Sweat Lodge 

19 A modified version of Equation 7 in Appendix 4 of Harris and Harper (2004) will be used to calculate 
20 inhalation exposure for receptors inside the sweat lodge. The equation was modified to reflect the 
21 exposure concentration (EC) to be consistent with the HHRAP (the original equation was for intake,[). 
22 Volatile and semivolatile organic COPCs and volati le ROPCs (14C, 3H, and 1291) may be released as 
23 vapors from water used in the sweat lodge . 
24 

C d>v • ( V") · ( I 3 J · ET · EF · ED 
EC= 2 ½ ·ff· r 

sl AT-CF 
25 

(modified Eq uation 7 in 
Appendix 4 of Harris 

and Harper [2004]) 

26 Due to the many uncertainties and the potential that aerosols may be generated by mechanical 
27 entrainment in addition to volati lization, nonvolatile inorganic COPCs and ROPCs are also evaluated for 
28 th is pathway. In the sweat lodge environment, nonvolati le components become airborne as an aerosol as 
29 the water they were carried in vaporizes. Once airborne, nonvolati le compounds deposit onto sol id 
30 surfaces with aqueous condensation, thus, the amount of contaminants available for inhalation is limited 
31 to that which is carried into the air phase by the volume of liquid water needed to create saturated 
32 conditions in the lodge. Harris and Harper (2004) present an equation for the intake of nonvolatile 
33 constituents utilizing the ideal gas law and the Antoine equation for the vapor pressure of water 
34 (Appendix 4, Equation 15). Modifying this equation for the exposure concentration yie lds the fo llowing: 
35 

( 
ET . EF . ED ) ( MW ) (,s.ioi6-~ ) EC = ----- · C . w ·e Ts/ 46. 13 

si AT · CF d>v R · T · p 
s/ w 

36 
37 where: 

(modified Equation 15 in 
Appendix 4 of Harris and 

Harper [2004]) 
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14 

15 

16 

17 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 

EC,, 

Vw 
TC 

r 

MWw 

R 

Ts, 

Pw 
ET 
EF 
ED 

AT 

e 
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exposure concentration of CO PCs or RO PCs through inhalation in the sweat lodge 
(mg/m3 or pCi/m3

) 

disso lved surface water concentration ofCOPCs and ROPCs (mg/Lor pCi/L) calculated 
per Section 6.3 

volume of water ( 4 L); see the discussion of Viv below 

the constant pi (unitless); TC~ 3.14159265359 

radius of sweat lodge ( l m) 

molar weight of water ( 18.0 I 528 g/mol) 

ideal gas constant (0.06237 mmHg·m3/gmole ·K) 

temperature of the sweat lodge (339 K) 

density of liquid water at temperature Ts, (980.2 g/L) 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

averaging time for carcinogens (ATc) or noncarcinogens (ATN) (yr) 

= base of the natural logarithm (unitless). e = ~ ~ ~ 2. 718282; the units for the Antoine L. ., 
i=O l . 

(
I 8.303 38 16.44 ) 

. T - 46 13 
equation, e '' · , are mmHg 

CF units conversion factor of365 (day/yr) 

Within the sweat lodge, water is splashed onto heated rocks to produce steam. It is assumed that a total of 
4 L of water are used during a one-hour sweat lodge ceremony. For the HHRA, it is conservatively 
assumed that the entire concentration of volatile COPCs (all organics) and RO PCs (3H, 14C, and 1291) in 
the 4 L of water may be volatilized and available for inhalation in the sweat lodge. It is possible that 
nonvolatile COPCs (inorganics) and ROPCs (all except 3H, 14C, and 1291) may become airborne as an 
aerosol mist. The quantity of nonvolatile constituents that may be airborne is limited by the amount of 
water that may be in the air at any given time3 (CCN 064329) . 

Note that the daily intake of radionuclides from inhalation in the sweat lodge is: 

ROPCs : I ;,,1, = £Cs,· IR· AT· CF 
sl 

(modified HHRAP Table C-3- 1) 

33 where: 
34 
35 

36 

/ inh sl intake of constituent via inhalation in the sweat lodge (pCi) 

EC,, exposure concentration of RO PCs through inhalation in the sweat lodge (pCi/m3
) 

3 For nonvolatile constituents, the volume of liquid water needed to create a saturated vapor in the sweat lodge in 

units of liters (L) is Vw =( P •_Vst J(MWwJ where Vs, is volume of air space in sweat lodge occupied by water 
RT Pw 

vapor (2 .094 m\ and other variables are as defined above (refer to Harris and Harper [2004]). 
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2 

3 

4 

JR inhalation rate (m3/hr) 

AT 

CF 

averaging time for carcinogens (ATc) (yr) 

units conversion factor of 8760 (hr/yr) 

5 Dermal Exposure in Sweat Lodge 

6 Equation 18 in Harris and Harper (2004) will be used to calculate the dennal absorption of volatile and 
7 semivolatile compounds ( e.g. Fv =f. 0) from water vapor in the sweat lodge. 

8 
9 

10 
where: 

C . ( v,v) . [ I l · SA . Kp . ET 
dw 2 ½. 7r. r 3 

COPCs: l c1 = 3 
· CF 

BW 

(Equation 18 in 
Appendix 4 of 

Harris and Harper 
[2004]) 

l c1 11 intake of COPCs from adult dermal absorption within the sweat lodge (mg/kg-day) 

Cc1w 12 dissolved surface water concentration of COPCs (mg/L) calculated per Section 6.3 

Vw 13 volume of water (4 L) ; see the discussion of Vw above 

14 the constant pi (unitless); TC~ 3.14159265359 TC 

15 radius of sweat lodge (l m) r 

SA 16 body surface area available for contact (m2
) 

Kp 17 permeability constant (cm/hr) ; Kp is COPC-specific and provided in Supplement 4. 

ET 18 exposure time (hr/day) 

EF 19 exposure frequency ( day/yr) 

ED 20 exposure duration (yr) 

BW 21 body weight (kg) 

AT 22 averaging time for carcinogens (ATc) or noncarcinogens (ATN) (yr) 

CF 23 units conversion factor of 10-2 (rn/cm) 

24 
25 Equations 19, 20, and 21 in Harris and Harper (2004) will be used to calculate the dermal absorption of 
26 nonvolatile compounds (e.g. , Fv = 0) from water vapor in the sweat lodge. The intake includes the 
27 contribution from condensed (liquid) water Uc1, i) and vapor (/c1_ v). 
28 

29 

30 
3 1 
32 
33 
34 

where: 

COPCs: I = Cr1w -SA- Kp -ET ·CF 
d.l BW 

( ) [ l (18.3036- ~ ) 
I = SA · Kp · ET . C . MW.v . e r,, - 46 13 

d ,v BW dw R-T. 
sl Pw 

(Equations 19 and 20 in 
Appendix 4 of Harris and 

Harper [2004]) 

intake of CO PCs from adult dermal absorption of condensate within the sweat lodge 
(mg/kg-day) 
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14 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 
25 
26 

27 

f d,v 

I d 

C dw 

Vw 

re 

r 

SA 
Kp 

ET 
EF 
ED 
BW 

AT 
MWw= 

R 

Ts, 
Pw 

CF 

e 

and subsequently: 
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intake of CO PCs from adult dermal absorption of vapors within the sweat lodge 
(mg/kg-day) 

intake of COPCs from adult dermal absorption of condensate and vapors within the 
sweat lodge (mg/kg-day) 

dissolved surface water concentration of COPCs (mg/L) calculated per Section 6.3 

volume of water (4 L) ; see the discussion of Vw above 

the constant pi (unitless); re~ 3. 14 159265359 

radius of sweat lodge (l m) 

body surface area available for contact (m2
) 

permeability constant (cm/hr); Kp is COPC-specific and provided in Supplement 4. 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

body weight (kg) 

averaging time for carcinogens (AT c) or noncarcinogens (AT N) (yr) 

molar weight of water (18.01528 g/mol) 

ideal gas constant (0.06237 mmHg·m3/gmole·K) 

temperature of the sweat lodge (389 K) 

density of liquid water at temperature Ts, (980.2 g/L) 

units conversion factor of l O 
3 

L 
rn -cm 

00 1 
base of the natural logarithm (un itless). e = L- ~ 2.718282; the units for the 

i=O i! 

(
18.3036 

38 
I 6.4

4 
) 

. . T -46 13 
Antoine equat10n, e ' ' · , are mmHg 

28 where: 
29 
30 f d intake of CO PCs from adult dermal absorption within the sweat lodge (mg/kg-day) 

intake of CO PCs from adult dermal absorption of condensate within the sweat lodge 
(mg/kg-day) 

31 
32 

33 
34 

35 
36 
37 
38 
39 

I d,v intake of CO PCs from adult dermal absorption of vapors within the sweat lodge 
(mg/kg-day) 

Dermal absorption of inorganic COPCs and RO PCs is not included because this pathway is considered to 
be insignificant compared to inhalation for all inorganic COPCs and ROPCs except tritium 
(CCN O 1924 7) . Previously, the inhalation cancer slope factor ( CSF) provided in the Health Effects 
Assessment Summary Tables (BEAST) [EPA 1997b] for tritium included a 50 % contribution from 
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1 dermal absorption. The new inhalation CSF for tritium provided in the updated the HEAST (EPA 2001) 
2 does not include the contribution from dermal absorption; therefore, dermal absorption of tritium from 
3 water vapor in the sweat lodge is evaluated separately. The internal dose from immersion in a plume of 
4 tritiated water vapor is approximately 50 % from inhalation and 50 % from dermal absorption (Till and 
5 Meyer 1983); therefore, the dose received from dermal absorption of tritium is accounted for by 
6 multiplying the inhalation dose for this ROPC by two. 
7 
8 7.1.5.6 Nursing Infant Exposure 

9 Ingestion of Breast Milk 

10 Table C-3-2 of the HHRAP will be used to calculate the ADD of CO PCs and intake of RO PCs for an 
11 infant exposed to CO PCs and ROPCs in breast milk. Infant exposure from breast milk is estimated 
12 assuming that the mother's breast milk has reached a steady state and that the contaminant in breast milk 
13 fat is the same as that in maternal body fat. 
14 

15 

16 
17 

18 
19 
20 
21 
22 

23 
24 

25 

26 

27 

28 

29 

30 

31 

32 
33 
34 

35 

36 

37 

38 

where: 

C · f · ' · JR · ED Cope . ADD . = milkfat 3 J 4 infant infant 
S. infant (HHRAP Table C-3-2) 

B W i,ifant ' A T;nfant 

ROPCs: ADDi,ifant = c milkfat . J3 . J4 . !Rinfant . EDinfant . EF;nfant (modified HHRAP Table C-3-2) 

Cmilkfat 

fR infant 

EDinfant 

BW;nfant 

AT;nJant 

EF;nJant 

average daily dose of COPCs or ROPCs from breast milk (pg/kg-day for chemicals 
or pCi for radionuclides) 

concentration ofCOPC or ROPC in mi lk fat of breast milk for a specific exposure 
scenario of the mother, described below (pg/kg-day or pCi) 

fraction of breast milk that is fat (unitless) 

fraction of ingested COPC or ROPC that is absorbed (unitless) 

infant ingestion rate of breast milk by infant (kg/day) 

infant exposure duration (yr) 

infant body weight of infant (kg) 

infant averaging time (yr) 

infant exposure frequency (days/yr) 

The concentration in milk fat is estimated using Table C-3-1 of the HHRAP. 

CO PCs: C . = m. h. f, . CF 
m1/kfat 0.693. f2 (HHRAP Table C-3-1) 

m·h · f 
ROPCs: c milkfat = I 

BWmother · 0.693 · f2 
(modified HHRAP Table C-3-1) 
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1 where: 
2 
3 
4 

5 

6 

7 
8 

9 
10 

11 
12 

13 
14 

15 

16 

17 
18 

19 
20 
21 

22 
23 

24 

25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

m maternal intake of COPCs or RO PCs from all adult exposures (mg/kg-day for 
chemicals or pCi/day for radionuclides) calculated as: 

Hanford site industrial worker4 and resident: 

m = J inh +]soil + J inhsoil + J ag + J dw 

resident subsistence farmer: 

m = J inh + ] soil + J inhsoil +Jog + ] beef + J milk + J pork + J domesric fowl + ] egg + [ dw 

resident subsistence fisher: 

m = J inh + ] soil + J inhsoil +Jag + J fish + J dw 

resident subsistence American lndian4
: 

m = J inh + [ soil + J inhsoil + J ag + ] wild egg +]game + J fish + J dw 

alternate resident subsistence American Indian # l 4: 
m = J inh + J soil + J inhsoil + J ag + J wild fowl + J game + J game organs + J fish + J fish organs + J dw 

alternate resident subsistence American Indian #24
: 

m = J inh + J soil + J inhsoil + J ag + J beef + J milk + J domesric Jowl + J wild Jowl + J game + J fis h + J dw 

where the individual daily intake terms, I , will be calculated from equations above, 
with the exception of l ;nh and l ;111rsoil, which as discussed in further detail below. 

h biological half-life of COPC or effective half-life of ROPC (includes a radioactive 
decay component, see below) in the mother (days); his COPC- and ROPC-specific 
and provided in Supplement 4 

Ji fraction of ingested COPC or ROPC that is stored in fat (unitless) 

Ji fraction of mother's weight that is fat (unitless) 

BW,11011rer = body weight of mother (kg) 

0.693 natural logarithm of 2; the quantity h/ln(2) equates to l/k,/i11,, where k,1;,,, is the 
elimination constant in the model that HHRAP Table C-3-1 was derived from (refer 
to EPA 1999a, Eq. 9-2) 

CF units conversion factor of 10-9 (pg/mg) 

The equation above assumes that the contaminant concentration has reached steady state (hence, exposure 
duration and frequency, and averaging time of the mother are not incorporated), and that the 
concentration of contaminant is the same in milk fat as it is in maternal body fat. 

The intake due to inhalation pathways, f; ,,1, and l rnhsoit, is average daily COPC intake via inhalation (ADI) 
computed according to HHRAP Table C-3 -1 (the variables I;,,,, and 1;111,50 ;1 are used instead of ADJ for 
consistency with the other intakes shown in this RA WP). Recalling the equation for exposure 
concentration shown in Sections 7.1.5.1 and 7.1.5.2, ! ;111, and l;,,hsoit can be computed using a modified 
version of HHRAP Table C-3-1: 

4 The Hanford site worker maternal exposure does not include exposure during retirement. Maternal exposure in 
tribal scenarios does not include sweat lodge exposures (presumably, mothers suspend sweat lodge participation 
during pregnancy and the subsequent the breast-feeding period). 
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JR 
J inhorinhsoil = ECinhorinhsoil · -B-w--·CF 

mother 

(HHRAP Table C-3-1 modified 
for exposure concentration) 

3 where: 
4 J ;nh intake ofCOPCs via inhalation of emi ss ions (mg/kg-day) 

5 J;nhsoil in take of CO PCs via inhalation of resuspended so il (mg/kg-day) 

6 EC;n,, exposure concentration of CO PCs through inhalation of emiss ions (mg/m3
) 

7 EC;,,,,soil exposure concentration of CO PCs through inhalation of resuspended soi l (mg/m3
) 

8 JR inhalation rate of mother (m3/hr) 

9 B W,11011,er = body weight of mother (kg) 

10 . . C f hr 
CF uni ts conversion 1actor o 24 -

day 

I l 
12 For ROPCs, equations fo r l ;nh and l;,,hsoil are presented in Sections 7. 1.5. 1 and 7. 1.5.2, respectively. 
13 
14 The effective ha lf-life for ROPCs includes a component for biological ha lf-li fe , and a component for loss 
15 due to radioactive decay ( isotope nuclear half- life) . 
16 

17 

18 
19 
20 
2 1 

22 
23 

24 

w here: 

RO PCs: h = hb . h,. 
hb + h,. 

effective ha lf-life of ROPC 

biological half-life of ROPC 

radiologica l half-life of ROPC 

(Equation 7-1 ) 

25 Using this equation, the effective ha lf-lives for the radionuclides of interest are given below: 
26 

27 
28 

Biological Half-li fe 
ROPC (days) 

Cesium-1 34 l.\4 X 102 

Cesium-137 1.3 5 X 102 

Iodine-1 29 1.38 X 102 

Strontium-90 2.91 X )02 

7.1.6 Exposure Parameters 

Radiological Half-li fe Effective Half-li fe 
(days) (days) 

7.67 X 102 9.92 X 10 

1.10 X 104 1.33 X 102 

5.84 X 109 1.38 X 102 

1.05 X 104 2.28 x 103 

29 The equations presented above are the basis for quantifying the exposure to COPCs and ROPCs 
30 experienced by a potentia l receptor. The values that wi ll be used for each parameter identified in the 
3 1 equations are provided in Table 7-2 through Table 7-8 and described below. These parameters are 
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1 conservative to ensure that the exposures calculated in the SLRA overestimate, rather than underestimate, 
2 risk. 
3 
4 7.1.6.1 Hanford Site Industrial Worker 

5 For the Hanford site industrial worker scenario, exposure values are presented in Table 7-2. 
6 
7 The Hanford site industrial worker is assumed to work both indoors ( 4 hours per day) and outdoors 
8 ( 4 hours per day) and to consume 200 mg soi l per work-day rather than the default 50 mg per day because 
9 of this outdoor activity. 

10 
11 The Hanford site industrial worker is assumed to live within the offsite receptor exposure grid in addition 
12 to working at the onsite ground maximum. Exposure assumptions for the time spent at home are the same 
13 as those for a resident (Section 7.1.6 .2) corrected for time spent at work. For example: 
14 
15 • This receptor is assumed to spend 8 hours per day at work and 16 hours per day at home for the 
16 250 days per year he or she is also at work, and 24 hours per day at home for the 100 days per year he 
17 or she is not at work. The receptor is assumed to spend 24 hours per day at home, 350 days per year, 
18 during retirement. The remaining 15 days of the year are spent on vacation, at a location presumably 
19 beyond the assessment area. 

20 • This receptor consumes a total of 2 L to 3 L per day of drinking water from the Columbia River 
21 maximum (i.e. , on workdays the receptor consumes 2 Lat work and 1 Lat home, on nonwork days 
22 the receptor consumes 2 Lat home). 

23 • This receptor is assumed to spend 20 years working at the onsite ground maximum and living within 
24 the Hanford offsite grid, and another 10 years as a retiree within the Hanford offsite grid ( for a total 
25 residential exposure duration of 30 years) . As was the case during the 20-year career of the worker, 
26 the retired worker sti II spends 15 days of the year on vacation, at a location beyond the assessment 
27 area. 

28 
29 Soil ingestion rates are assumed to be independent of exposure time and, therefore, are not corrected for 
30 time spent at work and at home (i.e., the worker consumes 200 mg soil per day at work and 100 mg soil 
31 per day at home for a total of 300 mg soi l per day, 250 days per year and 100 mg soi l per day, 100 days 
32 per year) . 
33 
34 7.1.6.2 Residential Scenarios 

35 For residential scenarios (resident, resident subsistence farmer, resident subsistence fisher) , exposure 
36 values are presented in Table 7-3, Table 7-4, and Table 7-5 and are taken primarily from the HHRAP 
3 7 (EPA 2005a). Several exposure parameters (inhalation rate, soil ingestion rate, drinking water ingestion 
38 rate) differ from the HHRAP default values in order to be consistent with other EPA Region 10 
39 assessments (CCN 063805 , CCN 063806, CCN 063807). The source of each exposure parameter is 
40 provided, along with the value used, in Table 7-3, Table 7-4, and Table 7-5. 
41 
42 The adult resident and resident subsistence fisher are assumed to live within the Hanford offsite grid 
43 for 30 years. The resident subsistence farmer is assumed to live within the Hanford offsite grid for 
44 40 years. The child is assumed to be exposed for 6 years for all three residential scenarios. 
45 
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l Consumption rates of food are for contaminated food grown at the receptor's home (or, for fish, from the 
2 Columbia River maximum) and do not include food purchased from uncontaminated sources. Food 
3 consumption rates are presented in units of kg dry weight (DW) produce per kg body weight per day and 
4 kg fresh weight (FW) animal product per kg body weight per day. Consumption rates for an adult and 
5 child are summarized below (refer to HHRAP Table C-1-2 and C-1-3). 
6 

7 

Receptor and Food Product 

Resident 

Exposed aboveground produce 

Protected aboveground produce 

Belowground produce 

Total produce 

Resident Subsistence Fisher 

Exposed aboveground produce 

Protected aboveground produce 

Belowground produce 

Total produce 

Fish 

Resident Subsistence Farmer 

Exposed aboveground produce 

Protected aboveground produce 

Belowground produce 

Total produce 

Beef 

Pork 

Poultry 

Eggs 

Total meat and eggs 

Dairy 

Adult 

0.00032 

0.00061 

0.00014 

0.0011 

0.00032 

0.0006 l 

0.00014 

0.0011 

0.00125 

0.00047 

0.00064 

0.000 17 

0.00 13 

0.00122 

0.00055 

0.00066 

0.00075 

0.0032 

0.01367 

Consumption Rate a 

(kg/kg-day) 

Child 

0.00077 

0.0015 

0.00023 

0.0025 

0.00077 

0.0015 

0.00023 

0.0025 

0.00088 

0.00113 

0.00 157 

0.00028 

0.0030 

0.00075 

0.00042 

0.00045 

0.00054 

0.0022 

0.02268 

a For the metals mercury, se lenium, and cadmium, the concentration in beef, milk, and pork, and the consumption rate 
are in kilograms dry weight per day (EPA 2005a). Consumption rates include food-preparation loss (refer to 
discussion below). 
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I The estimated consumption rates are based on food products as purchased or harvested and include food 
2 products lost during preparation. Loss during preparation is dependent on the type of food. Preparation 
3 loss for produce results from peeli ng, trimming, washing, and cooking. Losses from these activities are 
4 dependent on the type of produce; for example, some produce (e.g., potatoes) may be routinely washed, 
5 peeled, and cooked, while other produce (e.g., grapes) may be eaten whole and raw, and still others may 
6 be prepared and cooked or eaten whole and raw (e.g., carrots). 
7 
8 Preparation loss from meat (e.g., beef, pork, chicken) results from cutting, shrinkage, excess fat, bones, 
9 scraps, and juices, as well as dripping and volatile losses during cooking. Preparation losses for beef are 

10 estimated as approximately 27 % from cooking and 24 % from cutting, shrinkage, bones, etc. 
11 (EPA 1997a). These losses result in a preparation loss factor (PL) of 0.55 [(l - 0.27) x (1 - 0.24)]. 
12 Preparation losses for chicken are estimated as approximately 32 % from cooking and 31 % from cutting, 
13 shrinkage, bones, etc. (EPA 1997a). These losses result in a PL of0.47 [(I - 0.32) x (l -0.31)]. 
14 Preparation factors for pork are estimated as approximately 28 % from cooking and 36 % from cutting, 
15 shrinkage, bones, etc. (EPA 1997a), for a net PL of 46%. 
16 
17 Preparation loss does not apply to milk and eggs. 
18 
19 Exposure parameters for the nursing infant are for an infant from ages O to 12 months. Exposure 
20 parameters for the mother of the nursing infant are the same as those presented for the adult resident and 
21 resident subsistence farmer. 
22 
23 7.1.6.3 Resident Subsistence American Indians 

24 For the resident subsistence American Indians, exposure values are presented in Table 7-6 and are taken 
25 primarily from the TC&WM EIS (DOE 2009). Other parameters were taken from the EFH (EPA 1997a). 
26 Children's exposure parameters were developed by proportioning the child caloric intake reported in EPA 
27 guidance (CSEFH, EPA 2008), according to the various proportions of meat, vegetable, roots, etc. in the 
28 diet of the adult American Indian hunter-gatherer as reported in the TC&WM EIS. 
29 
30 There are two alternate resident subsistence American Indian scenarios are included in this SLRA that are 
3 1 not necessarily endorsed by the DOE-ORP. These receptor scenarios were developed to more closely 
32 represent the lifestyle described by guidance documents issued by local tribes and to address uncertainties 
33 associated with the tribal lifestyle derived from the TC&WM EIS. The lifestyle and exposure parameters 
34 of the first alternate resident subsistence American Indian are primarily based on data from Exposure 
35 Scenario for CTUJR Traditional Subsistence Lifeways (Harris and Harper 2004) and Application of the 
36 CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk Assessments (Harris 2008) . The 
37 lifestyle and exposure parameters of the second alternate resident subsistence American Indian are 
38 primarily based on data from Yakama Nation Exposure Scenario for Hanford Site Risk Assessment 
39 (RUDOLF! Inc. 2007). Other parameters were taken from the "A Native American Exposure Scenario" 
40 (Harris and Harper 1997) or from the EFH. Children's exposure parameters were developed by 
4 1 proportioning the chi ld caloric intake reported in the CSEFH according to the various proportions of 
42 meat, vegetable, roots , etc. in the diet of the adult American Indian as reported in the guidance documents 
43 cited above. 
44 
45 The resident subsistence American Indian resident is assumed to live within the Hanford offsite receptor 
46 exposure grid for 70 years. The child is assumed to be exposed for 6 years. Each receptor is presumed to 
47 live at the offsite location 365 days/year with the exception of the first alternate resident subsistence 
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I American Indian, who spends I day/month at a ceremonial location (assumed to occur at Gable 
2 Mountain\ 
3 
4 Three separate exposure duration values will be used for this scenario: 
5 
6 • The recommended exposure duration of 70 years assumes that this receptor is exposed during his or 
7 her entire lifetime. This exposure duration will be used for adult exposures through all pathways 
8 except those noted below. In the current scenario, the receptor is assumed to be exposed during the 
9 entire 40-year operating period of the WTP, and the next 30 years after WTP shutdown, at the offsite 

l O location. Likewise, while the WTP is in operation, it assumed that the hunting and gathering area is 
11 limited, as shown by Area I in Figure 7-2. Once WTP shutdown occurs, the hunting and gathering 
12 area is expanded to encompass the region shown as Area II in Figure 7-2. For the future scenario, the 
13 receptor is assumed to arrive at the offsite location at the same time as WTP shutdown, and is 
14 assumed to spend the entire exposure duration at that location (refer to Section 7.1.3.9). Food of the 
15 future receptor is assumed to come from the hunting and gathering Area II, as shown in Figure 7-2. 

16 • An adult exposure duration of 40 years (the operating lifetime of the WTP) wi ll be used for direct 
17 exposure to contaminants in air (inhalation and external radiation in air) because these exposures will 
18 last only as long as emissions from the WTP are occurring. A 40-year exposure duration will also be 
19 used for ingestion of carbon-14 and tritium in plants because these RO PCs are transferred directly to 
20 plant tissue from air, rather than being transferred from soil (see Section 6.6), and will only 
21 accumulate these ROPCs as long as emissions from the melter are occurring. 

22 • An exposure duration of 6 years will be used for the resident subsistence American Indian child. 

23 
24 The subsistence tribal resident is assumed to obtain wi ld food gathered from the Hanford site, and in the 
25 case of the second subsistence tribal resident, is assumed to complement this diet with homegrown 
26 domestic foods . Applicable consumption rates of food presented in below do not include food purchased 
27 or collected from uncontaminated sources. Food consumption rates are presented in units of kg dry 
28 weight produce per kg body weight per day and kg fresh weight animal product per kg body weight per 
29 day. To put these values into perspective, consumption rates for an adult and child are summarized 
30 below. 
31 

Food Product 

Subsistence Tribal Resident 

Exposed aboveground produce 

Protected aboveground produce 

Total produce 

Wild game 

Adult 

0.0025 

0.013 

0.016 

0.0060 

Consumption Rate 
(kg/kg- day) 

Child 

0.0038 

0.027 

0.031 

0.013 

5 The actual location of tribal ceremonial activities varies with the nature of the activity, and is considered 
confidential. Gable Mountain is chosen as the location for ceremonial activities in the WTP risk assessment 
because it is a place of significance and is in close proximity to WTP, making related exposures at this location 
conservative and bounding. 
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Food Product 

Wild fowl eggs 

Fish 

Total meat and eggs 

Alternate Subsistence Tribal Resident #1 

Exposed aboveground produce 

Belowground produce 

Total produce 

Wild game 

Wild game organs 

Wild fowl 

Fish 

Fish organs 

Total meat 

Alternate Subsistence Tribal Resident #2 

Exposed aboveground domestic produce 

Exposed aboveground wild produce 

Belowground wild produce 

Total produce 

Beef 

Domestic Poultry 

Wild game 

Wild fowl 

Fish 

Total meat and eggs 
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Adult 

0.00074 

0.0088 

0.016 

0.0048 

0.0063 

0.011 

0.0016 

0.00018 

0.00089 

0.0080 

0.00089 

0.012 

0.0072 

0.0069 

0.0062 

0.020 

0.0040 

0.0020 

0.0027 

0.0013 

0.0074 

0.017 

Consumption Rate 
(kg/kg-day) 

Child 

0.0022 

0.0101 

0.025 

0.016 

0.021 

0.037 

0.0050 

0.00056 

0.0029 

0.025 

0.0027 

0.036 

0.0070 

0.0067 

0.0060 

0.0197 

0.0053 

0.0026 

0.0036 

0.0017 

0.023 

0.036 

l Values have been converted to a per unit weight basis . Consumption rates do not include food 
2 preparation loss (refer to discussion below). 
3 
4 Quantitative preparation loss factors are not available for produce, wild game, or wildfowl. Preparation 
5 loss for produce will be assumed to be zero. Use of beef/chicken PLs could over-estimate losses for wild 
6 game and wildfowl because American Indian receptors may utilize more of the animal than other 
7 populations, and the ratio of lean meat to fat is typically higher in wild game and wildfowl, potentially 
8 resulting in lower preparation losses. 
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1 
2 Conversely, the ratio of meat to skin and bone is lower in wild game and wildfowl than domestic beef and 
3 chicken, which could result in higher preparation losses. Based on these factors , preparation losses for 
4 wild game/wildfowl are estimated to be half that of domestic beef and chicken; thus PL factors of 
5 0.76 [(1 - 0.135) x (l - 0.12)] for wild game and 0.72 [(1 - 0.15) x (1 - 0. 15)] for wildfowl will be used 
6 (EPA 1997a). 
7 
8 An inhalation rate of8400 m3 per year (0.959 m3/hr) will be used for the resident subsistence American 
9 Indian adult per the TC& WM EIS . DOE 1996 reports a child inhalation rate of 15 m3 /day (0.625 m3 /hr). 

10 Guidance provided by the CTUIR was used to establish an adult and child inhalation rate of25 m3/day 
11 (1.04 m3/hr) and 15 m3/day (0.625 m3/hr), respectively, for the alternate resident subsistence American 
12 Indian # 1. Guidance provided by the Yakama Nation was used to establ ish an adult and child inhalation 
13 rate of26 m3/day (1 .08 m3/hr) and 16 m3/day (0.667m3/hr) , respectively, for the alternate resident 
14 subsistence American Indian #2. Exposure parameters for the nursing infant are for an infant ages Oto 
15 12 months. Exposure parameters for the mother of the nursing infant are the same as those presented for 
16 the adult resident subsistence American Indian with the exception of maternal exposure duration which 
l 7 assumed equal to 25 years . 
18 
19 7.1.7 Exposure Point Concentrations 

20 The EPCs used for estimating intakes/doses of both COPCs and ROPCs are dependent on the location of 
2 1 the receptor. The location of the various receptor populations identified for the quantitative risk 
22 assessment will correspond to the receptor grid nodes defined during air dispersion modeling 
23 (Section 6.1). In keeping with the protective approach for the SLRA, the EPCs used to determine 
24 receptor intakes/dose will be location and constituent (carcinogen or noncarcinogen) specific, and 
25 incorporate maximum concentration and deposition results as discussed in Section 6.1.4.3. 
26 
27 Air dispersion modeling wi ll be used to identify points of maximum emission concentrations and 
28 deposition at three locations of interest6

: at the onsite location of maximum concentration (i .e. , the onsite 
29 ground maximum), at Gable Mountain, and at the Columbia River. To simplify the risk assessments, it 
30 wi ll be assumed that receptor populations are present at these exposure locations. For example, while 
3 1 offsite residential receptor populations are present (e.g., in Richland) , residents may not be onsite, at 
32 Gable Mountain, or at the Columbia River maximum. However, for the ri sk assessment, it is assumed 
3 3 that a variety of res idential receptors are present at this location. 
34 
35 The four exposure locations are described in Section 7.1.1 and again , briefly, below (see Figure 7-1): 
36 
37 • Onsite ground maximum 

38 • Hanford offsite 

39 • Gable Mountain maximum 

40 • Columbia River maximum 

41 

6 Exposures in the offsite grid will utilize 90th percentiles to represent exposures that might otherwi se be over­
predicted by maximum air concentration and deposition va lues. Due to the migratory nature of game animals, and 
the diversity of vegetation across the site, the 95% UCL of the median from air di spersion modeling will be used to 
compute EPCs in the hunting/gathering area(s). 
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1 Because the point of maximum concentration may be different for airborne CO PCs and RO PCs, and 
2 COPCs and ROPCs deposited through wet and dry deposition mechanisms, EPA (2005a) recommends 
3 selecting the point of maximum concentration. The EPA also notes that only 1 to 3 receptor grid nodes 
4 were typically selected per land use area. For the WTP, emissions will be modeled separately for three 
5 stacks (PT, LAW, and HLW Facilities) with nine points of maximum concentration possible from each 
6 stack: 
7 
8 • Maximum vapor-phase air concentration 

9 • Maximum particle-phase air concentration (1 micron diameter particles) 

10 • Maximum particle-bound-phase air concentration (2 .5 micron diameter particles) 

11 • Maximum vapor-phase wet deposition 

12 • Maximum particle-phase wet deposition (1 micron diameter particles) 

13 • Maximum particle-bound-phase wet deposition (2.5 micron diameter particles) 

14 • Maximum vapor-phase dry deposition 

15 • Maximum particle-phase dry deposition (1 micron diameter particles) 

16 • Maximum particle-bound-phase dry deposition (2.5 micron diameter particles) 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

39 
40 
41 
42 
43 

Thus, there are a total of 27 possible maximum concentrations (3 stacks x 9 phases) at each of the three 
locations of interest for each year of air modeling data. Because more than one maximum concentration 
often occurs at the same receptor grid node, it is more likely that a dozen or so grid nodes with maximum 
concentrations will be at each location of interest (rather than the 135 possible [3 stacks x 9 phases x 

5 years]). Using the highest discrete values of Cyv, Cyp 1, Cyp2_5, Dydv, Dydp1, Dydp25, Dywv, Dywp1, 
and Dywp25 from the onsite maximum, Columbia River, and Gable Mountain grids will result in the 
highest degree of conservatism. However, in large receptor exposure grids such as the offsite grid, the 
corresponding exposures to such extreme deposition and air concentrations are improbable and could 
result in risk estimates that are h.ighly improbable. Accordingly, the 90th percenti le of Cyv, Cyp1, Cyp25 , 

Dydv, Dydp1, Dydp25, Dywv, Dywp1, and Dywp25 will serve as input to EPC computations. To reflect the 
migratory nature of game animals and wide dispersion of vegetation, the distribution-free 95 % upper 
confidence limit of the median provides a sufficiently conservative estimate of air concentration and 
deposition in the hunter/gatherer area(s). 

In order to help quantify the degree of conservatism assoc iated with using the 90th percentile from the 
offsite grid, the location and species values associated with the point of highest annual total air 
concentration and deposition will be determined in the uncertainty assessment. The EPCs associated with 
the grid nodes where these values occur will be computed for comparison to those EPCs computed using 
90th percentiles. Resu lts will be discussed in the uncertainty assessment of the PRA (refer to Section 10). 

7.1.7.1 Exposure Point Concentrations in Air 

The EPCs will be calculated as described in Section 6.1 (air dispersion modeling). Chronic air 
concentrations are assumed to remain the same for the entire 40-year operating lifetime of the WTP. 
Acute air concentrations represent the worst-case, one-hour meteorological conditions and wi ll be used 
for eval uating the acute scenario only (refer to Section 7.2.1.2). 
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Exposure Point Concentrations in Soil, Surface Water, and Sediment 

2 Concentrations of COPCs and ROPCs in soil, surface water, and sediment are estimated from deposition 
3 rates predicted by the air dispersion modeling as described in Sections 6.2 (soil), 6.3 (surface water), and 
4 6.4 (sediment). Deposition is assumed to occur for the potential operating lifespan of the facility 
5 (40 years), and ceases after WTP shutdown. 
6 
7 Separate soil concentrations will be estimated for the current and future exposure periods for each 
8 receptor at the appropriate locations as described in Section 7.1.3. After WTP shutdown, there is no 
9 further accumulation of contaminants, so the annual average surface water concentrations are zero for 

10 future exposures to these media. Soil and sediment, however, will sti ll contain residual contaminants and 
I 1 thus wi ll contribute to risk in the future scenario. 

12 
13 7.1.7.3 Exposure Point Concentrations in Plants 

14 Exposure point concentrations for produce (fruits and vegetables) and wild plants will be calculated as 
15 described in Section 6.6. Current EPCs for homegrown and wild plants will include vapor-phase transfer 
16 from air to plants, deposition from air onto plants, and root uptake from soil into the aboveground and 
17 belowground portions of plants. Future EPCs for home grown and wild plants will on ly incl ude root 
18 uptake from soil into the above and belowground portions of plants because airborne emissions wi ll not 
19 be present fo llowing WTP shutdown. 
20 
21 
22 

7.1.7.4 Exposure Point Concentrations for Animal Tissue (Domestic Livestock and Wild 
Game) 

23 Exposure point concentrations in animal products (such as beef, milk, and wild game) will be modeled as 
24 described here. As noted in Section 6.7, this modeling effort is slightly different for the human health and 
25 ecological risk assessments. See Section 8 for the modeling required for the ecological risk assessment. 
26 This section describes the modeling for use in the HHRA and includes modeling to determine EPCs for 
27 the following animal tissue: 
28 
29 

30 

31 

32 

33 

34 

35 

36 

37 

• 
• 
• 
• 
• 
• 
• 
• 

Beef 

Milk 

Pork 

Chicken 

Wi ldfowl 

Chicken eggs 

Wi ldfowl eggs 

Wild game (e.g., deer) 

38 Edible tissue concentrations wi ll be calculated for the HHRA using feed concentrations, ingestion rates, 
39 bioaccumulation factors, and other parameters in model equations from EPA 2005a. Current and future 
40 feed concentrations (such as soi l, forage, si lage, and grain concentrations) will be determined as described 
41 in Section 6.6. Ingestion rates and other parameters are generally from the HHRAP (EPA 2005a) and can 
42 be found in Table 7-9 . Bioaccumulation factors are COPC- and ROPC-specific and can be found in 
43 Supplement 4. As with the plant modeling (see Section 6.6.3), the bioaccumulation factors used to model 
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1 animal tissue and animal products must be corrected to account for mass balance. The mass balance 
2 correction for animal tissue is presented at the end of this section. 
3 
4 Exposure Point Concentrations in Beef 

5 Beef cattle are assumed to consume forage, silage, and grain, as well as surface soil (i.e., 2 cm untilled 
6 soil) . The equation to determine concentrations in beef tissue (EPA 2005a) for all constituents is: 
7 

8 

9 
10 where: 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

23 
24 
25 

26 
27 
28 

29 
30 

31 

32 

33 
34 

35 
36 

37 
38 

39 
40 
41 
42 
43 

A bee/ = [ (t F; 0 

Qpi(beef) 
0 

~ ) + Qssoil(beef) . Cs2 . Es ]. Ba beef . MF (HHRAP Table B-3-10) 

Qpi(beej) 

P; 

concentration of COPC or ROPC in beef (mg/kg for COPCs and pCi/g for RO PCs) 

fraction of plant-type i grown on contaminated soil and ingested by the beef cattle 
(unitless) . The three plant types consumed by the beef cattle are forage, silage, and 
grain. The recommended default value of 1.0 (EPA 2005a) shown in Table 7-9 as 
F plant is used for all plant types. 

quantity of plant type i eaten by the beef cattle per day (kg/day). Qp;(beef) is shown 
in Table 7-9. The recommended values (EPA 2005a) for beef cattle raised by 
subsistence farmers are used: Qpforage(beef) = 8.8 kg/day is the amount of forage eaten 
by the beef cow, Qpsilage(beef) = 2.5 kg/day for is the amount of silage eaten by the 
beef cow, and Qpgrain(beef) = 0.4 7 kg/day is the amount of grain eaten by the beef 
cow. 

concentration of COPC or ROPC in plant type i that is ingested by the beef cattle 
(mg/kg for COPCs and pCi/g for ROPCs). P; is COPC- and ROPC-specific and 
calculated as follows: 

P forage 

P si/age 

= Pdforage + Pvforage + Prag(forage) 

= Pdsilage + P vsilage + Prag(silage) 

P domestic grain == Prag(domestic grain) 

where, for all constituents except carbon-14 and tritium: 

Pdforage and Pdsilage are calculated in Eq. 5-14 in the HHRAP 

Pvforage and Pvsilage are calculated in Eq. 5-18 in the HHRAP 

Prag(forage) is calculated in Eq. 5-20A in the HHRAP using 15 cm soi l (root­
zone) 

Prag(silage) and Prag(domesticgrain) are calculated in Eq. 5-20A in the HHRAP 
using 20 cm soil (tilled) 

For carbon-14, all plant concentrations (i .e. , P forage, Prsilage, and Prgrain) take on the 
plant concentration value, Cv(c-14), calculated from air concentration as described by 
the Nuclear Regulatory Commission (NRC) (1977) (see Section 6.6.2). For 
tritium, all plant concentrations take on the plant concentration value, C v(H-JJ, 
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calculated from air concentration and absolute humidity as described by the NRC 
(1977) (see Section 6.6.2). 

ln the future scenario, Pd, Pv, C v(c-14; , and C v(H-JJ are all zero because there are no 
longer any emissions (no direct deposition or air-to-plant uptake) . 

quantity of soil ingested by the beef cattle (kg/day). The recommended default 
value of 0.5 kg/day (EPA 2005a) is used (see Table 7-9 of this work plan). 

soil concentration at the 2 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs) 
calculated according to Section 6.2 

soil bioavailability factor (unitless). The recommended default value of 
1.0 (EPA 2005a) is used (see Table 7-9). 

biotransfer factor for beef ( day/kg). Ba beef is COPC- and ROPC-specific and 
shown in Supplement 4. If no value is available for Babeef, then A bee/ cannot be 
calculated and the ingestion of beef pathway cannot be evaluated in the HHRA. 
The values for Babeef in Supplement 4 will be compared against the calculated 
mass-limited uptake factor for beef (shown in Appendix A) and the smaller of the 
two values will be used in the calculation of the beef concentration (A bee/)-

metabolism factor (unitless). MF is COPC- and ROPC-specific. The 
recommended defau lt MF values of 0.0 I for bis(2-ethylhexyl)phthalate and 1.0 for 
all other constituents (EPA 2005a) are used (see Table 7-9). 

Exposure Point Concentration in Milk 

Dairy cattle are assumed to consume forage , silage, and grain, as well as surface soil (i.e ., 2 cm untilled 
soil). The equation to determine concentrations in milk (EPA 2005a) for all constituents is: 

where: 

A ,,,;fk = [ (t F;. Qpi(milk) . ~ ) + Qs soil(mi/k). Cs2 . Bs]. Ba,,,ilk . MF (HHRAP Table B-3-11) 

F; 

Qp;(milk) 

P; 

concentration ofCOPC or ROPC in milk (mg/kg for COPCs and pCi/g for 
ROPCs). 

fraction of plant-type i grown on contaminated soil and ingested by dairy cattle 
(unitless). The three plant types consumed by the dairy cattle are forage, silage, 
and grain. The recommended default value of 1.0 (EPA 2005a) shown in 
Table 7-9 as F ptam is used for all plant types. 

quantity of plant type i eaten by the dairy cattle per day (kg/day). Qp;(mitkJ is 
shown in Table 7-9. The recommended values (EPA 2005a) for dairy cattle raised 
by subsistence farmers are used: QPJorage(milkJ = 13.2 kg/day is the amount of forage 
eaten by the dairy cow, Qp5;tage(milkJ = 4.1 kg/day is the amount of silage eaten by 
the dairy cow, and QPgrain(mitkJ = 3.0 kg/day is the amount of grain eaten by the 
dairy cow. 

concentration of COPC or ROPC in plant type i that is ingested by the dairy cattle 
(mg/kg for COPCs and pCi/g for RO PCs). P; is COPC- and ROPC-specific and 
calculated as follows: 
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= Pdforage + P vforage + Prag(forage) 

= Pdsilage + P v silage + Prag(silage) 

P domestic grain = Prag(domeslic grain) 

where, for all constituents except carbon-14 and tritium: 

Pdforage and Pdsuage are calculated in Eq. 5-14 in the HHRAP 

Pvforage and Pvsitage are calculated in Eq. 5-18 in the HHRAP 

Prag(forage) is calculated in Eq. 5-20A in the HHRAP using 15 cm soi I (root­
zone) 

Prag(silage) and Prag(domesticgrain) are calculated in Eq. 5-20A in the HHRAP 
using 20 cm soil (tilled) 

For carbon-14, all plant concentrations (i .e., P forage , Prsilage, and Pr domestic grain) take 
on the plant concentration, Cvrc-, 4;. calculated from air concentration as described 
by the NRC (1977) (see Section 6.6.2). For tritium, all plant concentrations take 
on the plant concentration value, Cv(H-JJ , calculated from air concentration and 
absolute humidity as described by the NRC (1977) (see Section 6.6.2) . 

In the future scenario, Pd, P v, Cvrc-,4; , and Cv(H-JJ are all zero because there are no 
longer any emissions (no direct deposition or air-to-plant uptake) . 

quantity of soil ingested by the dairy cattle (kg/day). The recommended default 
value of 0.4 kg/day (EPA 2005a) is used (see Table 7-9) . 

soil concentration at the 2 cm soil depth (mg/kg for COPCs and pCi/g for ROPCs) 
calculated according to Section 6.2 

soil bioavailability factor (unitless). The recommended default value of 
1.0 (EPA 2005a) is used (see Table 7-9). 

biotransfer factor for milk (day/kg) . Ba,,,uk is COPC- and ROPC-specific and 
shown in Supplement 4. If no value is avai lab le for Bamitk, then A mitk cannot be 
calculated, and the ingestion of milk pathway cannot be evaluated in the HHRA. 
The values for Ba,,,;1k in Supplement 4 will be compared against the calculated 
mass-limited uptake factor for milk (shown in Appendix A), and the smaller of the 
two values will be used in the calculation of the mi lk concentration ( Amitk)-

metabolism factor (unitless). MF is COPC- and ROPC-specific . The 
recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for 
all other constituents (EPA 2005a) are used (see Table 7-9). 

40 Exposure Point Concentration in Pork 

41 Swine are assumed to consume silage and grain, as well as surface soil (i .e. , 2 cm untilled soi l). The 
42 equation to determine pork concentrations (EPA 2005a) for all constituents is: 
43 

44 A pork = [ (t F; . QP;( pork) . I';)+ Q s ,oil( pork) . Cs2 . B s l B a pork . MF (HHRAP Table B-3-12) 
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concentration of COPC or ROPC in pork (mg/kg for CO PCs and pCi/g for 
ROPCs) 

fraction of plant-type i grown on contaminated soil and ingested by the swine 
(unitless). The two plant types consumed by the swine are silage and grain. The 
recommended default value of 1.0 (EPA 2005a) shown in Table 7-9 as Fµ10111 is 
used for both plant types. 

quantity of plant type i eaten by the swine per day (kg/day). Qp; is shown in 
Table 7-9. The recommended values (EPA 2005a) for swine raised by subsistence 
farmers are used: Qpsilage(porkJ = 1 .4 kg/day is the amount of silage eaten by the 
swine, and Qpg,ain(porkJ = 3.3 kg/day is the amount of grain eaten by the swine. 

concentration of COPC or ROPC in plant type i that is ingested by the swine 
(mg/kg for COPCs and pCi/g for ROPCs). P; is COPC- and ROPC-specific and 
calculated as follows: 

P silage(pork) = Pdsilage + Pvsilage + Prag(silage) 

P domestic grain = Pr ag(domesric grain) 

where, for all constituents except carbon-14 and tritium: 

Pdsilage is calculated in Eq. 5-14 in the HHRAP 

P v silage is calculated in Eq. 5-18 in the HHRAP 

Prag(silageJ and Prag(do111es1icgrai11J are calculated in Eq. 5-20A in the HHRAP 
using 20 cm soil (tilled) 

For carbon-14, both plant concentrations (i.e., Prsilage and Pr domestic grain) take on the 
plant concentration value, C v(c- 14;, calculated from air concentration as described 
by the NRC (1977), see Section 6.6.2. For or tritium, both plant concentrations 
take on the plant concentration value, C vrH-JJ, calculated from air concentration 
and absolute humidity as described by the NRC (1977) (see Section 6.6.2) . 

In the future scenario, Pd, Pv, C v(c-14; , and C v(H-JJ are all zero because there are no 
longer any emissions (no direct deposition or air-to-plant uptake). 

quantity of soil ingested by the swine (kg/day). The recommended default value 
of0.37 kg/day (EPA 2005a) is used (see Table 7-9). 

so il concentration at the 2 cm so il depth (mg/kg for CO PCs and pCi/g for ROPCs) 
calculated according to Section 6.2. 

soil bioavailability factor (unitless). The recommended default va lue of 1.0 
(EPA 2005a) is used (see Table 7-9). 

biotransfer factor for pork (day/kg) . Bapork is COPC- and ROPC-specific and 
shown in Supplement 4. If no value is available for Bapork, then A pork cannot be 
calculated, and the ingestion of pork pathway cannot be evaluated in the HHRA. 
The values for Bapork in Supplement 4 will be compared against the calculated 
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mass-limited uptake factor for pork (shown in Appendix A), and the smaller of the 
two values will be used in the calculation of the pork concentration (A pork)-

metabolism factor (unitless). MF is COPC- and ROPC-specific. The 
recommended default MF values of 0.01 for bis(2-ethylhexyl)phthalate and 1.0 for 
all other constituents (EPA 2005a) are used (see Table 7-9). 

Exposure Point Concentration in Chicken 

Chickens are assumed to consume grain grown on a farm, as well as surface soi l (i.e ., 2 cm untilled soil). 
The grain eaten by chickens is grown in tilled (20 cm depth) soil. The equation to determine chicken 
concentrations (EPA 2005a) for all constituents is: 

where: 

A chicken = tFgrain . Qp grain (chicken) . p domesric grain + Qssoil(chicken) . Cs2 . Bs )· Ba chicken (HHRAP Table B-3-14) 

A chicken 

F grain 

Qp grain(chicken) 

P domestic grain 

Qs soil(chicken) 

Es 

Bachicken 

concentration of COPC or ROPC in chicken meat (mg/kg for COPCs and pCi/g 
for ROPCs). 

fraction of grain grown on contaminated soil and ingested by the chicken 
(unitless). The recommended default value of 1.0 (EPA 2005a) shown in 
Table 7-9 as F ptant is used for grain. 

quantity of grain eaten by the chjcken per day (kg/day). The recommended 
value of Qpgrain(chicken) = 0.2 kg/day (EPA 2005a) shown in Table 7-9 for 
chickens raised by subsistence farmers is used. 

concentration of COPC or ROPC in grain that is ingested by the chicken 
(mg/kg for COPCs and pCi/g for ROPCs) . P domestic grain is COPC- and ROPC­
specific and calculated as follows: 

P domestic grain = Pr ag(domestic grain) 

where, for all constituents except carbon-14 and tritium: 

Prag(grain) is calculated in Eq. 5-20A in the HHRAP using 20 cm soi l 
(tilled). 

For carbon-14 and tritium, Pr domestic grain takes on the plant concentration value, 
C v(c-14; or C v(H-JJ , calculated from calculated from air concentration as 
described by the NRC (1977), respectively (see Section 6.6.2). 

quantity of soil ingested by the chicken (kg/day) ; the recommended default 
value of 0.022 kg/day (EPA 2005a) is used (see Table 7-9). 

soil concentration at the 2 cm so il depth (mg/kg for COPCs and pCi/g for 
ROPCs) calculated according to Section 6.2. 

soil bioavailability factor (unitless); the recommended default value of 1.0 
(EPA 2005a) is used (see Table 7-9). 

biotransfer factor for chicken (day/kg); Bachicken is COPC- and ROPC-specific 
and shown in Supplement 4 . If no value is available for Bachicken, then A chicken 
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cannot be calculated, and the ingestion of chicken pathway cannot be evaluated 
in the HHRA. The values for Bachicken in Supplement 4 will be compared 
against the calculated mass-limited uptake factor for poultry (shown in 
Appendix A), and the smaller of the two values will be used in the calculation 
of the chicken concentration (A chicken)-

Exposure Point Concentration in Wildfowl 

Wildfowl are assumed to consume grain grown in the wild, as well as surface soil (i.e ., 2 cm untilled soil). 
The grain eaten by wi ldfowl is grown in root-zone (15 cm depth) soil. The equation to determine 
wildfowl concentrations (EPA 2005a) for all constituents is: 

where: 

A = IF · Q'P · P + Qs · Cs . Es) · Ba (HHRAP Table 8-3-14) fowl \ grain g rain( chicken) w ild g rain soil (chicken) 2 / chicken 

Qpgrain(chicken) 

P wildgrain 

Qssoil(chicken) 

Bs 

concentration ofCOPC or ROPC in wi ldfow l (mg/kg for COPCs and pCi/g for 
ROPCs) . 

fraction of grain grown on contaminated soil and ingested by the wildfowl 
(unitless). The recommended default value of 1.0 (EPA 2005a) shown in 
Table 7-9 as FP10111 is used for grain . 

quantity of grain eaten by the wildfowl per day (kg/day). The recommended 
value of Qpgrain(chicken) = 0.2 kg/day (EPA 2005a value for chickens) shown in 
Table 7-9 is used for wi ldfowl. 

concentration of COPC or ROPC in grain that is ingested by the wi ldfowl 
(mg/kg for COPCs and pCi/g for ROPCs). P wildgrain is COPC- and ROPC­
specific and calculated as fo llows: 

P wild grain = Pr ag(wild grain) 

where, for a ll constituents except carbon-14 and tritium: 

Prag(wild grain) is calculated in Eq. 5-20A in the HHRAP using 15 cm soi I 
(root-zone) . 

For carbon-14 and tritium, P witd grain takes on the plant concentration va lue, 
Cvrc-, 4; or Cv(H-JJ, calculated from calculated from air concentration as 
described by the NRC (1977), respectively (see Section 6.6 .2). 

quantity of soi l ingested by the wi ldfowl (kg/day) ; the recommended default 
value of0.022 kg/day (EPA 2005a value for chi ckens) shown in Table 7-9 is 
used for wildfowl. 

soil concentration at the 2 cm soi l depth (mg/kg for COPCs and pCi/g for 
ROPCs) calculated according to Section 6.2. 

soi l bioavailability factor (unitless). The recommended default value of 1.0 
(EPA 2005a) is used (see Table 7-9). 
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biotransfer factor for wild fowl (day/kg). Bachicken is COPC- and 
ROPC-specific and shown in Supplement 4. If no value is available for 
Bachicken, then A /owl cannot be calculated, and the ingestion of wildfowl pathway 
cannot be evaluated in the HHRA. The values for Bachicken in Supplement 4 
will be compared against the calculated mass-limited uptake factor for poultry 
(shown in Appendix A), and the smaller of the two values will be used in the 
calculation of the wildfowl concentration (A10 w1). 

Exposure Point Concentration in Chicken Eggs 

Chicken eggs are from chickens that are assumed to consume grain grown on a farm in tilled (20 cm 
depth) soi l as well as surface soil (i.e ., 2 cm untilled soil). The equation to detennine chicken egg 
concentrations (EPA 2005a) for all constituents is: 

where: 

A egg = tFg,ain . Qpgrain(chicken) . ? domestic grain+ Qssoil(chicken) . Cs2. B s ) · Ba.gg (HHRAP Table B-3-13) 

F grain 

Qpgrain(chicken) 

P domestic grain 

Qssoil(chicken) 

Bs 

concentration of COPC or ROPC in chicken eggs (mg/kg for COPCs and pCi/g 
for ROPCs). 

fraction of grain grown on contaminated soil and ingested by the chicken 
(unitless). The recommended default value of 1.0 (EPA 2005a) shown in 
Table 7-9 as F ptanl is used for grain . 

quantity of grain eaten by the chicken per day (kg/day). The recommended 
value of QPgrain(chicken) = 0.2 kg/day (EPA 2005a) shown in Table 7-9 for 
chickens raised by subsistence farmers is used. 

concentration of COPC or ROPC in grain that is ingested by the chicken 
(mg/kg for COPCs and pCi/g for ROPCs). P dames,icgrain is COPC- and 
ROPC-specific and calculated as follows: 

P domestic grain = P r ag(domesric grain) 

where, for all constituents except carbon-14 and tritium: 

Prag(domesticgrain) is calculated in Eq. 5-20A in the HHRAP using 20 cm 
soil (tilled) . 

For carbon-14 and tritium, Prgrain(chicken) takes on the plant concentration value, 
C v(c-, 4J or C v(H-JJ, calculated from calculated from air concentration as 
described by the NRC (1977), respectively (see Section 6.6.2). 

quantity of soil ingested by the chicken (kg/day). The recommended default 
value of 0.022 kg/day (EPA 2005a) is used (see Table 7-9). 

soi l concentration at the 2 cm soil depth (mg/kg for COPCs and pCi/g for 
ROPCs) calculated according to Section 6.2 

soil bioavailability factor (unitless) . The recommended default value of 1.0 
(EPA 2005a) is used (see Table 7-9). 

Page 7-52 



2 
3 
4 
5 
6 
7 

8 

24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

biotransfer factor for chicken eggs (day/kg). Baegg is COPC- and 
ROPC-specific and shown in Supplement 4. If no value is available for Baegg, 

then A egg cannot be calculated, and the ingestion of chicken eggs pathway 
cannot be evaluated in the HHRA. The values for Baegg in Supplement 4 will 
be compared against the calculated mass-limited uptake factor for eggs (shown 
in Appendix A), and the smaller of the two values will be used in the 
calculation of the chicken egg concentration (A egg)-

9 Exposure Point Concentration in Wildfowl Eggs 

10 Wildfowl eggs are from wildfowl , which are assumed to consume grain grown in the wild in root-zone 
11 (15 cm depth) soil , as well as surface soil (i.e., 2 cm untilled soil). The equation to determine wildfowl 
12 egg concentrations (EPA 2005a) for all constituents is: 
13 
14 

15 
16 where: 
17 

A ,gg(fow/) = tFgrain . Qpgrain(chicken) . P.vild grain + Q s soil(chicken) . Cs2. Bs )-Ba,gg (HHRAP Table B-3-13) 

18 A egg(fowl) concentration of COPC or ROPC in wildfowl eggs (mg/kg for CO PCs and pCi/g 
19 for ROPCs). 

20 F grain fraction of grain grown on contaminated soil and ingested by the wildfowl 
21 (unitless). The recommended default value of 1.0 (EPA 2005a) shown in 
22 Table 7-9 as F p1an, is used for grain. 

23 Qpgrain(chicken;= quantity of grain eaten by the wildfowl per day (kg/day) . The recommended 
24 value of Qpgrain(chicken) = 0.2 kg/day (EPA 2005a value for chickens) shown in 
25 Table 7-9 is used for wildfowl. 

26 P wildgrain concentration ofCOPC or ROPC in grain that is ingested by the wildfowl (mg/kg 
27 for COPCs and pCi/g for ROPCs). P witd grain is COPC- and ROPC-specific, site-
28 specific , plant type-specific, and calculated as follows : 

29 
3 0 P wild grain = Pr ag(wild grain) 

31 
32 where, for all constituents except carbon-14 and tritium: 
33 
34 Prag(witdgrain) is calculated in Eq. 5-20A in the HHRAP using 15 cm soil 
35 (root-zone). 
36 
37 
38 
39 
40 
41 
42 
43 

44 
45 
46 

Q s soil(chicken) 

For carbon-14 and tritium, P wildgrain takes on the plant concentration value, 
C v(C-14) or C v(H-3), calcu lated from calculated from air concentration as described 
by the NRC (1977), respectively (see Section 6.6.2). 

quantity of soil ingested by the wildfowl (kg/day) . The recommended default 
value of 0.022 kg/day (EPA 2005a value for chickens) shown in Table 7-9 is 
used for wildfowl. 

soil concentration at the 2 cm soil depth (mg/kg for COPCs and pCi/g for 
ROPCs). Cs2 is COPC- and ROPC-specific, site-specific, and calculated 
according to Section 6.2. 
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soil bioavailability factor (unitless). The recommended default value of 1.0 
(EPA 2005a) is used (see Table 7-9). 

biotransfer factor for wildfowl eggs (day/kg). Ba,gg is COPC- and ROPC­
specific and shown in Supplement 4. If no value is available for Ba,gg, then 
A ,gg(fowtJ cannot be calculated and the ingestion of wildfow l eggs pathway cannot 
be evaluated in the HHRA. The values for Ba,gg in Supplement 4 will be 
compared against the calculated mass-limited uptake factor for eggs (shown in 
Appendix A), and the smaller of the two values will be used in the calculation of 
the wildfowl egg concentration (A egg(fowl) ) -

11 Exposure Point Concentration in Wild Game 

12 Wild game animals (such as deer) are assumed to consume forage grown in root-zone (15 cm) soil only. 
13 The equation used to determine the concentration in wild game is adopted from the equation used for 
14 beef, only the contribution of silage and grain is not included since those feeds are unique to domestic 
15 livestock. The equation to determine concentrations in game tissue (EPA 2005a) for all constituents is: 
16 
17 

18 
19 
20 
21 
22 

23 
24 
25 

26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 

39 

40 
41 

42 

where: 

A game = (F/orage · Qp forage(deer) · p /orage ) · Ba deer · MF (modified HHRAP Table B-3-13) 

A game 

F /orage 

Qp/orage(deer) = 

P/orage 

concentration ofCOPC or ROPC in wild game animals (mg/kg for COPCs and 
pCi/g for ROPCs) . 

fraction of forage grown on contaminated soil and ingested by the wild game 
animals (unit less) . The recommended default value of l.0 (EPA 2005a) shown in 
Table 7-9 as F plant is used for forage . 

quantity of forage eaten by the wi ld game animals per day (kg/day). A calculated 
value of QP/orage(deer) = 1.463 kg/day (using values from Sample et al. 1997 [66.5 
kg x 0.022 kg/kg/day], refer to Section 8. l.3.3, mule deer species profile7

) is 
used for wild game animals. 

concentration of COPC or ROPC in forage that is ingested by the wild game 
animals (mg/kg for COPCs and pCi/g for ROPCs). P/orage is COPC- and 
ROPC-specific and calculated as follows : 

P/orage = Pd/orage + Pv/orage + Prag(forage) 

where, for all constituents except carbon-14 and tritium: 

Pd/orage is calculated in Eq. 5-14 in the HHRAP. 

Pv/orage is calculated in Eq. 5-18 in the HHRAP. 

Prag(forage) is calculated in Eq. 5-20A in the HHRAP using 15 cm soil 
(root-zone). 

7 Note, the ecological assessment uses fresh weights while the human health assessment uses dry weights for food 
quantity of forage eaten . 
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For carbon-14 and tritium, ?forage takes on the plant concentration value, C v(c- 14; 

or C v(H-JJ, calculated from calculated from air concentration as described by the 
NRC ( 1977), respectively (see Section 6.6.2) . 

In the future scenario, Pd, Pv, C vrc-i 4J, and C v(J·J-JJ are al l zero because there are no 
longer any emissions (no direct deposition or air-to-plant uptake) . 

biotransfer factor for wild game animals (day/kg) . Badeer is COPC- and ROPC­
specific. The biotransfer factor for beef is used as a surrogate biotransfer factor 
for wi ld game animals and is shown (as Babeef) in Supplement 4. If no value is 
available for Babeef, then Agame cannot be calculated, and the ingestion of game 
pathway cannot be evaluated in the HHRA. The values for Babeef in 
Supplement 4 will be compared against the calculated mass-limited uptake factor 
for beef (shown in Appendix A), and the smaller of the two values will be used in 
the calculation of the wi ld game concentration (A game)-

Metabolism factor (unitless). MF is COPC- and ROPC-specific. The 
recommended default MF values of 0.0 I for bis (2-ethylhexyl) phthalate and 1.0 
for all other constituents (EPA 2005a) are used (See Table 7-9). 

Exposure Point Concentration in Wild Game Organs 

Guidance in Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk 
Assessments (Harris 2008) recommends the inclusion of game organs in the diet described by the 
traditional tribal lifestyle. This reference states that an imal organs are eaten, and those organs can have 
bioconcentrated some contaminants by as much as I 0-fold . Therefore, for scenarios where the pathway 
app lies, game organ concentration shall be taken as 10 times the eq ui valent game meat concentration. 

where: 

A = lO x A game organs game 

A game organs 

Agame 

concentration ofCOPC or ROPC in wild game animal organs (mg/kg for COPCs 
and pC i/g for ROPCs). 

concentration of COPC or ROPC in wild game animals (mg/kg for CO PCs and 
pCi/g for ROPCs). 

Feed-to-Animal Tissue Biotransfer Factors: Mass Balance Issues 

The HHRAP reco1mnended sources for uptake factors (Ba) for organic chemicals sometimes result in 
animals predicted to take up more chemical into their tissues than is present in their food. 

For examp le, for n-dioctyl phthalate, using the default uptake factors , more chemical is predicted to 
accumulate in beef cattle than is avai lable in their feed. Using an assumed soil concentration of 
l E-08 mg/kg, the tota l mass ofn-dioctyl phthalate in so il and feed ingested by a steer is 49 mg (calculated 
as [the sum of concentration of n-dioctyl phthalate in so il and food , such as silage, grain, and 
forage] x [respective consumption rate of soil and food] x [730 days exposure duration to ra ise a steer to 
market weight]). Using the recommended default uptake factor for beef (7.77 kg/day in the HHRAP 
database), the predicted total mass ofn-dioctyl phthalate in the beef is 296 mg (calculated as [the sum of 
concentration ofn-dioctyl phthalate in soil and food, such as silage, grain, and forage] x [respective 
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consumption rate of soil and food] x [default beef uptake factor for n-dioctyl phthalate] x [567 kg, the 
average live weight for cattle taken to slaughter]). Thus, for a given concentration of n-dioctyl phthalate 
in soil and feed, cattle are predicted to take up more than 6 times the amount of n-dioctyl phthalate than is 
available in the soil and feed that is ingested over a two-year period (i .e. , 296 mg in beef/49 mg in feed) . 

A conservative solution to this mass balance problem is to calculate an uptake factor that allows 100 % of 
the available chemical to transfer to animal ti sue, but no more. This mass-limited uptake factor is not 
chemical-specific but rather it is a function of exposure duration and body weight. The feed-to-animal 
tissue mass-limited uptake factor is calculated as: 

where: 

Feed-to-Animal Tissue Uptake Factor = (Exposure Duration) -;- (Tissue Weight) (Equation 7-2) 

Uptake Factor 

Exposure Duration 

Tissue Weight 

mass-limited feed-to-animal tissue uptake factor (days/kg) 

duration to bring animal to market weight (days) 

total mass of animal at market weight (kg) 

This mass-limited uptake factor assumes that the animals concentrate the entire mass of chemical ingested 
into their edible tissue, with no degradation or excretion of the chemical over the exposure duration 
period. This mass-limited uptake factor can be used to calculate a conservative estimate of potential dose 
and risk to human receptor without defying the law of conservation of mass. 

The equation above is used to estimate mass-limited feed-to -animal tissue uptake factors for beef, pork, 
and poultry. Estimating a mass-limited feed-to-animal uptake factor for animal products (i .e., milk and 
eggs) is slightly different. The mass- limited feed-to-animal product uptake factor is a function of the 
daily product weight for the animal. The equation for the mass-limited feed-to-animal product uptake 
factor is: 

where: 

Feed-to-Animal Product Uptake Factor = I -;- (Daily Product Weight) (Equation 7-3) 

Uptake Factor 

Daily Product Weight 

mass-limited feed-to-animal product uptake factor (days/kg) 

total expected weight of animal product each day (kg/day) 

This equation is used to estimate mass-limited feed-to-animal product uptake factors for milk and eggs. 
All calculated feed-to-animal tissue/product mass-limited uptake factors are shown in Appendix A, 
Section A.5.2. The final step in this mass-limited uptake factor approach is to compare the uptake factors 
as specified in the HHRAP (EPA 2005a) to the calculated mass-limited uptake factors, on a chemical-by­
chemical basis for organic CO PCs. The lesser of the two values will be used in the estimation of animal 
tissue/product concentrations. 

7.1.7.5 Exposure Poin t Concentrations in Fish 

Exposure point concentrations in fish tissue for the human health evaluation will be modeled as described 
here. As noted in Section 6.7, this modeling effort i lightly different for the human health and 
ecological risk asses ments. See Section 8 for the modeling required for the ecological risk assessment. 
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1 This section describes the models that will be used to calculate fish tissue concentrations and the uptake 
2 factors to be used in these models. 
3 
4 The COPCs and ROPCs in fish will be estimated using the equations presented below as recommended 
5 by EPA (2005a) . The ROPCs will be evaluated using equations similar to those presented for COPCs in 
6 EPA (2005a). Values for the chemical-specific parameters are presented in Supplement 4; other 
7 parameter values are presented in Table 7-9. It should be noted that the Hanford Surface Environmental 
8 Surveillance Program collects and analyzes fish tissues from the Hanford Reach of the Columbia River. 
9 However, since the SLRA will be conducted prior to release of emissions from the WTP, the fish data 

10 collected does not represent contamination contributed by the WTP and thus cannot be used to calibrate 
11 the fish model. 
12 
13 For organic COPCs other than dioxins, furans , and PCBs, where log Kaw is less than 4, and all inorganic 
14 COPCs and ROPCs with values for BAF, fish concentrations will be estimated as: 
15 

16 

17 

18 
19 

20 

21 
22 
23 
24 

25 
26 
27 

28 
29 

30 
31 

32 

33 
34 
35 
36 
37 

38 

39 
40 

where: 

COPCs: C j,sh = c dw . BCFjish (HHRAP Table 8-4-26) 

c argans = c dw . BCF,,rgans 

ROPCs: C fish = CF. c dw . BCFfish (HHRAP Table B-4-26) 

Cargans 

BCFargans 

CF 

C =CF-C -BCF organs dw organs 

concentration of COPC or ROPC in fish muscle tissue (mg/kg for CO PCs and 
pCi/g for ROPCs) . 

concentration of COPC or ROPC in fish organs (mg/kg for CO PCs and pCi/g for 
ROPCs) C dw = dissolved-phase water concentration (mg/L for COPCs or pCi/L 
for RO PCs) calculated in Table B-4-24 of the HHRAP. 

bioconcentration factor for COPCs and ROPCs in fish (L/kg). BCFfish is COPC­
and ROPC-specific and is shown in Supplement 4. 

organ-specific bioconcentration factor for COPCs and ROPCs in fish (L/kg), if 
available. BCFargans is COPC- and ROPC-specific and is shown in Supplement 4. 

units conversion factor of 10·3 (kg/g) , used for ROPCs only. 

For organic COPCs other than dioxins, furans, and PCBs, where log Kaw is greater than 4, and all 
inorganic COPCs and ROPCs with values for BAF, fish concentrations will be estimated as: 

CO PCs: C fish = cdw . BAFfish (HHRAP Table B-4-27) 

C organs = C dw · BAForgans 

RO PCs: C fish = CF . c dw. BAFfish (HHRAP Table B-4-27) 

41 C organs = CF . C dw . BAForga11s 

42 
43 where: 
44 
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concentration of COPC or ROPC in fish muscle tissue ( mg/kg for COP Cs and 
pCi/g for ROPCs). 

concentration ofCOPC or ROPC in fish organs (mg/kg for COPCs and pCi/g for 
ROPCs). 

dissolved-phase water concentration (mg/L for COPCs or pCi/L for ROPCs) 
calculated in Table B-4-24 of the HHRAP. 

bioaccumulation factor for COPCs and ROPCs in fish (L/kg). BAFfish is COPC­
and ROPC-specific and is shown in Supplement 4. 

organ-specific bioaccumulation factor for COPCs and ROPCs in fish (L/kg) , if 
available. BAF0 ,.gans is COPC- and ROPC-specific and is shown in Supplement 4. 

units conversion factor of 10·3 (kg/g), used for ROPCs only. 

Divalent mercury in the fish is assumed to exist or be converted to the methyl mercury (organic) form 
after uptake into the fish tissue (EPA 2005a). Therefore, the fish concentration of mercury will be 
calculated using the equation in Table B-4-27 of the HHRAP: 

C = C =C - B AF fishAfHg organsMl/g dwAfHg fish MHg 

C =C =C ·BAF 
fish Hg i + organs Hg2+ dw Hg2+ fish Hgz+ 

From HHRAP Table B-4-27, all divalent mercury in fish exists or is converted to the methyl mercury 
(organic) form after uptake into the fish tissue. 

Where 

MW 
C =C + MHg ·C 

fishro,al Illig fish Afllg MW fish 2+ 
Hg 2+ Ilg 

MWMHg 
C = C +--~ -C 

organsro,al MHg organs NfHg MW organs Hi+ 

C fishro,a/ MHg 

C organsro,aJ MHg 

MWMJ-lg 

MWHgl+ 

Hg2+ 

the total concentration of mercury in fish meat (in the form of methyl mercury) 

(mg/kg) 

the total concentration of mercury in fish organs (in the form of methyl mercury) 

(mg/kg) 

molecular weight of methyl mercury (215.62 g/mol) 

molecular weight of divalent mercury (200.59 g/rnol) 

39 Other variables (C,w, BAF) are as defined above, but are specific to methyl mercury (MHg) and divalent 
40 mercury (Hg2+). 
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2 For dioxins, furans, and PCBs, fish concentrations will be estimated from sediment concentrations and 
3 BSAF values using the following equation: 
4 

5 
c sed . ! lipid . BSAFjish 

C ----~--~-fish - QC (HHRAP Table B-4-28) 

6 
7 
8 
9 

10 
11 

12 
13 

14 
15 

16 
17 

18 

where: 

Cr,sh 

C sed 

ft ipid 

BSAFr,sh 

OCsed 

sed 

concentration of COPC in fish (mg/kg). 

COPC concentration in bed sediment (mg/kg) calculated in Table B-4-25 of the 
HHRAP. 

fish lipid content (unitless). The recommended default value of 0.07 (EPA 2005a) 
is used for ft;p;d (see Table 7-9) . 

biota-to-sediment accumulation factor (unitless) for fish. BSAFr,s1i is COPC­
specific and is shown in Supplement 4. 

fraction of organic carbon in bottom sediment (unitless). The recommended 
default value of0.04 (EPA 2005a) is used for OC ec1 (see Table 7-9). 

19 Fish Uptake Factors for Human Health Risk Assessment 

20 In order to estimate fish concentrations from surface water or sediment concentrations, uptake factors are 
21 needed. As discussed in the HHRAP (EPA 2005a), three types of uptake factors are used: 
22 
23 • Bioconcentration factors (BCFs) 

24 • Bioaccumulation factors (BAFs) 

25 • Biota-sediment accumulation factors (BSAFs) 

26 
27 Per the HHRAP, for compounds with log Kaw less than 4 .0, BCFs are used to estimate fish concentrations 
28 from surface water concentrations. For COPCs with log Kaw greater than 4.0, except for extremely 
29 hydrophobic compounds (such as, dioxins, furans , and PCBs), BAFs are used to estimate fish 
30 concentrations from surface water concentrations. Since extremely hydrophobic compounds have a high 
31 tendency to bioaccumulate, they are expected to be sorbed to the bed sediments more than being 
32 associated with the water phase. Therefore, BSAFs are used to estimate fish concentrations from 
33 sediment concentrations for dioxins, furans, and PCBs. 
34 
35 The first source of values for BCFs, BAFs, and BSAFs is the HHRAP (EPA 2005a) . For values not 
36 available in the HHRAP, a literature search (including the SLERAP [EPA 1999b]) was conducted. For 
37 values not available in literature, the approaches shown below were used to estimate fish uptake factors 
38 (BCFs , BAFs, and BSAFs). The fina l uptake factors collected or calculated from these sources are 
39 provided in Supplement 4. Where organ-specific BCFs, BAFs, and BSAFs were available, they were used 
40 to determine fish organ concentrations for use in the assessment of tribal exposures as applicable. 
41 
42 For organic COPCs where published BCFs are not available and where log Kaw is less than 4.0, BCFs are 
43 calculated using the following equations from the HHRAP (EPA 2005a): 
44 
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Equation 

log BCF = 0.50 

log BCF = 0. 77 log K0 w - 0. 70 + I correction factors 

log BCF = -1 .37 log K0 w + 14.4 + I correction factors 

log BCF = 0.50 

HHRAP equation 
number 

A-2-27 

A-2-28 

A-2-29 

A-2-30 

Ionic species (carboxylic acids, sulfonic acids and salts, compounds with N of +5 valence) 

< 5 log BCF = 0.50 A-2-31 

5 to 6 log BCF = 0.75 A-2-32 

6 to 7 log BCF = 1.75 A-2-33 

7 to 9 log BCF = 1.00 A-2-34 

> 9 log BCF = 0.50 A-2-35 

2 For organic COPCs that are not dioxins, furans , or PCBs, where published BAFs are not available and 
3 where log K0 w is greater than 4.0, the following approach is used to obtain BAFs: 
4 
5 1) Calculate an estimate of BCF according to the appropriate HHRAP Appendix A equation. 

6 2) Obtain food chain multipliers (FCMs) for Trophic Level 3 and 4 fish. 

7 3) Estimate the BAF using the following equation, from the SLERAP (EPA 1999b ): 

8 
9 

10 
BAFfish = BCFfish -FCM (SLERAP [EPA 1999b] Eq. 5-10) 

11 where FCM is the largest FCM when considering FCMs for Trophic Level 3 and 4 fish. 
12 
13 For dioxins (PCDDs) and furans (PCDFs) where published BSAFs are not available, the approach shown 
14 in the HHRAP Appendix A, Section A2-2 .1 3.4.3, will be used to obtain BSAFs: 

15 

16 

17 

18 

19 

20 

• For TetraCDDs and TetraCDFs, BSAFfish 

• For PentaCDDs and PentaCDFs, BSAFfish 

• For HexaCDDs and HexaCDFs, BSAFr,sh 

• For HeptaCDDs and HeptaCDFs, BSAFr,sh 

• For OctaCDDs and OctaCDFs, BSAFr,s1, 

9.0 X 10·2 

9.0 X 10·2 

4.0 X 10·2 

5.0 X 10·3 

1.0 X 10-4 

2 1 Empirical fish BSAF values are avai lab le from the US Army Corps of Engineers BSAF database 
22 (USACE 20 10). Conservative ly, the maximum reported BSAFwill be used for the initial assessment. 
23 Should a problem be indicated, average BSAFs or BSAFs more appropriate to the fish consumed by 
24 humans will be used to assess potential risks. 
25 
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7.2 Toxicity Assessment 

2 The purpose of the toxicity assessment is to evaluate the potential for COPCs and RO PCs to cause 
3 adverse health effects in exposed individuals. Toxic effects have been evaluated extensively by the EPA. 
4 This section provides the results of the EPA evaluation of the COPCs and ROPCs that may be emitted by 
5 the WTP. 
6 
7 7.2.1 General Toxicity Information and EPA Guidance for COPCs 

8 This section provides the toxicity values that will be used for evaluating COPCs in the PRA and the 
9 source/rationale for these values. 

10 
11 7.2.1.1 Chronic Toxicity of CO PCs 

12 Chronic toxicity data have generally been obtained from the Regional Screening Levels (RSL) for 
13 Chemical Contaminants at Superfimd Sites (EPA 2013, as amended). The RSL table is a living document 
14 that reflects the current state of the science of toxicology and risk assessment, with case-by-case 
15 exceptions as approved by Ecology. 
16 
17 When toxicity values for a chemical are not available from the RSLs, the use of a surrogate value may be 
18 necessary. This process involves applying a toxicity value established for one chemical to another 
I 9 chemical for which no value has been established. The application of surrogate values is based on 
20 similarities in structure, mechanism of action, and toxicity. Surrogate values for the SLRA are identified 
21 by Ecology and EPA Region I 0, in consultation with National Center for Environmental Assessment 
22 (NCEA) (CCN 064330, CCN 063814, CCN 063802, CCN 063817, CCN 063818, CCN 063812, and 
23 CCN 063803). 
24 
25 Chronic toxicity va lues from these sources are provided in Supplement 4 and described below. 
26 Supplement 4 provides the toxicity value, its source, and whether the value has been extrapolated from 
27 another exposure pathway (i .e. , oral to dermal) . The same approach will be used for the toxicity 
28 assessment in both the PRA and FRA. Any new toxicity values that become available prior to 
29 development of the FRA will be incorporated in the final assessment. 
30 
3 I Chronic Noncarcinogenic Toxicity of CO PCs 

32 Oral noncarcinogenic effects of COPCs will be evaluated by comparing a calculated intake or dose with 
33 an acceptable daily intake criterion (referred to as the reference dose [RJD]) established by EPA (1997b, 
34 2004). The effects due to inhalation of noncarcinogenic of CO PCs will be evaluated by comparing a 
35 calculated exposure concentration with an inhalation reference value (referred to as the reference 
36 concentration [RfC]). 
37 
38 It is widely accepted that most biological effects of chemicals occur only after a threshold dose is 
39 exceeded (Klaassen et al. 1996). For purposes of establishing noncarcinogenic health criteria, this 
40 threshold dose is usually estimated from the no observed adverse effect level (NOAEL) or lowest 
41 observed adverse effect level (LOAEL) determined from animal or human studies. The NOA EL is defined 
42 as the exposure level at which no statistically or biologically significant increases are present in the 
43 frequency or severity of adverse effects (EPA 1989). The LOAEL is the lowest exposure level at which 
44 there are statistically or biologically significant increases in frequency or severity of adverse effects 
45 (EPA 1989). The LOAEL or NOAEL from the most sensitive animal or human study is used by the EPA 
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l to establish long-term health criteria. An RJD is defined as an estimate (with uncertainty spanning 
2 perhaps an order of magnitude) of the dose of a chemical ( expressed in mg/kg-day) that is likely to be 
3 without an appreciable risk of deleterious effects during a lifetime (EPA 1989). Similarly, a reference 
4 concentration (RJC) represents the concentration of a chemical in air (expressed as mg/m3

) that is likely to 
5 be without an appreciable risk of de leterious effects during a lifetime (EPA 1989). When deriving RjDs 
6 or RJCs, a NOAEL value is used preferentially over a LOAEL value if both are available from the key 
7 study. EPA derives RjDs and RJCs by applying uncertainty factors to the NOAEL or LOAEL value to 
8 provide a margin of safety. The equation for deriving an RJD or RJC is shown below: 
9 

10 
11 
12 
13 
14 

15 

16 

17 

18 

19 

20 

where: 

RJD or RJC = (NOAEL or LOAEL)/(UF x MF) (EPA 1989, Sect. 7.7.2, and EPA 2009, Eq. 5) 

RJD 

RJC 

NOAEL 

LOAEL 

UF 

MF 

reference dose (mg/kg-day) 

reference concentration (mg/m3
) 

no observed adverse effect level (mg/kg-day or mg/m3
) 

lowest observed adverse effect level (mg/kg-day or mg/m3
) 

uncertainty factor (unitless) 

modifying factor (unitless) 

21 Uncertainty factors can range from l to 10,000 and may include a factor of up to l O to account for each of 
22 the following: 
23 
24 • Variation in sensitivity within human populations 

25 • Extrapolation of effects observed in animals to humans 

26 • Extrapolation from less-than-lifetime exposures in the critical study to lifetime exposures 

27 • Extrapolation from a LOAEL to a NOAEL, if necessary 

28 
29 In some cases a modifying factor, usually ranging from l to l O (or < l for most essential nutrients 
30 [EPA 1989]), also is applied to the NOAEL or LOAEL. This value reflects a qualitative professional 
31 assessment of additional uncertainties in the critical study and in the entire database for the chemical not 
32 explicitly addressed by the above uncertainty factors (EPA 1989). The EPA establishes RjDs and RJCs 
33 for evaluating both subchronic (less than 7 years) and chronic (7 years or more) exposures. Chronic RjDs 
34 will be used to evaluate all exposure scenarios, except the acute scenario, and are presented in 
35 Supplement 4. 
36 
37 Carcinogenic Toxicity of CO PCs 

38 The health risk from exposure to a carcinogen is defined in terms of probability. This probability is 
39 defined as the I ikelihood of a carcinogenic response in an individual that receives a given dose of a 
40 particular compound. Oral cancer risks are estimated using chemical-specific cancer slope factors 
41 ( CSFs). For chemicals, the CSF is defined as a plausible upper-bound estimate of the probability of a 
42 response (e.g., cancer) per unit intake of a chemical over a lifetime (EPA 1989). A CSF is provided for 
43 potentially carcinogenic COPCs in Supplement 4. 
44 
45 In addition to the quantitative CSF, a qualitative weight-of-evidence classification is assigned to 
46 characterize the quality and quantity of data used to evaluate the potential carcinogenicity of chemicals. 
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I These classifications are provided in the Integrated Risk Infonnation System (IRIS). As defined by EPA 
2 ( 1989), chemicals used to be ass igned to any of six weight-of-evidence groups: 
3 

4 

• Group A Human carcinogen (sufficient evidence of carcinogenicity in humans) 

• Group BI Probable human carcinogen (limited evidence of carcinogenicity in humans) 

• Group B2 - Probable human carcinogen (sufficient evidence of carcinogenicity in animals, with 
inadequate or lack of evidence in humans) 

• Group C Possible human carcinogen (limited evidence of carcinogenicity in animals, or lack 
of human data) 

• Group D - Not classifiable as to human carcinogenicity (inadequate or no evidence) 

• Group E Evidence of noncarcinogenicity for humans (no evidence of carcinogenicity in 
adequate studies) 

5 Consi stent with EPA guidance (EPA 1989), chemicals ass igned a weight-of-evidence classification of A, 
6 BI , or 8 2 are quantitatively evaluated for carcinogenic dose-response. All Group C carcinogens are also 
7 quantitative ly evaluated for carcinogenic effects . 
8 
9 As indicated in the Guidelines for Carcinogen Risk Assessment (2005c), EPA has moved away from this 

10 approach for carcinogen assessments. Early-li fe (childhood) exposure to carcinogens has also been 
11 evaluated by EPA as reflected in Supplemental Guidance for Assessing Cancer Susceptibility from Early -
12 Life Exposure (2005d) . In addition to the weight-of-evidence classifications publi shed in IRIS, more 
13 recent EPA guidance (2005c) recommends the use of qualitative standard descriptors as part of the 
14 narrative to express conclusions about the weight of evidence fo r human carcinogenic potential. The EPA 
15 (2005c) defines five descriptors, which are roughly equiva lent to the weight-of-evidence class ifications 
16 provided by IRIS . More than one descriptor may be applicable for a single chemical (e.g., if it is likely to 
17 be carcinogenic by one route of exposure but not by others). The five descriptors are: 
18 
19 1 Carcinogenic to humans 

20 2 Likely to be carcinogenic to humans 

21 3 Suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic potential 

22 4 Data are inadequate for an assessment of human carcinogenic potential 

23 5 Not like ly to be carcinogenic to humans 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

The descriptors will be used in the PRA and the FRA as part of the risk characterization presentations for 
specific chemicals that may be risk drivers. 

The EPA sometimes reports cancer potency as a unit risk fac tor ( URF) based on chemical concentration 
in air or drinking water. In general , the drinking-water unit ri sk is deri ved by converting a s lope factor 
from units of mg/kg-day to units of g/L, whereas an inhalation unit ri sk is deve loped directly from a dose 
response analysis using equiva lent human concentrations already expressed in units of g/m3 (EPA 2005c, 
Section 3.3.3) . Oral CSFs are calculated from the corresponding URF values, when necessary, using the 
following equation: 

CSFora/ = ( URForal X B W X CF) / CRr1w (EPA 1989, Sect. 7.3.3 , modified) 
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I where: 
2 
3 CSForal = chemical-specific oral CSF (mg/kg-dayr 1 

4 

5 

6 

URF0 ra, = chemical-specific drinking water unit risk factor (URF) (µg/Ly1 

B W = default body weight (70 kg) 

CF = conversion factor ( l 000 µg/mg) 

7 CRdw = default drinking water consumption rate (2 L/day) 

8 
9 Expression of the drinking water URF in terms of dose is necessary to evaluate cancer risk associated 

l O with exposure media other than drinking water (such as soil). The EPA recognizes the need for 
11 expressing oral toxicity values in terms of dose (mg/kg-day) for risk assessment purposes and 
12 acknowledges that, in many cases, this conversion does not add significant uncertainty to the risk 
13 assessment process (EPA 1997b). 
14 
15 The interaction of the inhaled contaminant with the respiratory tract is affected by factors such as species-
16 specific relationships of exposure concentrations (ECs) to deposited/delivered doses and physiochemical 
17 characteristics of the inhaled contaminant. The EPA (2009) therefore recommends that when estimating 
18 risk via inhalation, risk assessors should use the concentration of the chemical in air as the exposure 
19 metric ( e.g., mg/m3), rather than inhalation intake of a contaminant in air based on inhalation rate and 
20 body weight (e.g., mg/kg-day). Consequently, the equivalent derivation of an inhalation CSF from the 
21 URF is not generally performed unless the respiratory deposition and absorption characteristics of the 
22 constituent are known (refer to Section 7.5 .2). 
23 
24 Chemicals that have been determined to cause cancer by a mutagenic mode of action are thought to pose a 
25 higher risk during early life and it is possible that exposures to such chemicals in early-life may result in 
26 higher lifetime cancer risks than a comparable duration adult exposure. If a mutagenic mode of action for 
27 carcinogenicity of a constituent has been determined by EPA, and a linear low-dose extrapolation 
28 perfonned, one of the following generally pertains: 

29 l . If chemical-specific data on susceptibility from early-life exposures were available for derivation of 
30 CSFs, those slope factors are used for risk characterization, and age dependent adjustment factors 
31 (ADAFs) are not applied. 

32 2. If chemical-specific data on susceptibility from early-life exposures were not available, the ADAFs 
33 are applied in calculating or estimating risks associated with early-life exposures (EPA 2005d). 
34 
35 If the latter case applies, the Supplemental Guidance for Assessing Susceptibility from Early-Life 
36 Exposure to Carcinogens (EPA 2005d) recommends default ADAFs be applied in risk assessments for the 
37 assessment of chemicals that cause cancer by a mutagenic mode of action as detailed in Section 7.2 . 1.4. 
38 
39 Chronic Dermal Toxicity of COPCs 

40 Oral RjDs and CSFs are currently available for many of the COPCs. Dermal RjDs and CSFs are 
41 estimated for COPCs from oral toxicity values using chemical-specific gastrointestinal absorption factors 
42 (GAFs) to calculate total absorbed dose. This conversion is necessary because most oral RjDs and CSFs 
43 are expressed as the amount of chemical administered per time and body weight; however, dermal 
44 exposure is expressed as an absorbed dose. Dermal toxicity factors are calculated from oral toxicity 
45 factors as shown below (EPA 2004): 
46 
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2 
3 

RJDdermal = RJDoral X GAF 

CSFdermal = CSForal-;- GAF 

(EPA 2004, Eq. 4.3) 

(EPA 2004, Eq. 4.2) 
4 
5 Chemical-specific GAF values are used when available. Not all COPCs have chemical-specific GAF 
6 values. When quantitative data were not available, default GAF values of 0.8 for VOCs, 0.5 for SVOCs, 
7 and 0.2 for inorganics are used (Ecology 2002) . The GAF values are provided in Supplement 4 along 
8 with the resulting dermal RjD and CSFs. 
9 

10 7.2.1.2 Acute Toxicity of CO PCs 

11 Acute effects from direct inhalation of airborne COPCs (vapor and particulate) are evaluated by 
I 2 comparison of modeled one-hour maximum air concentrations to AJEC. The AIEC values for CO PCs 
13 were selected based on the following hierarchy: 
14 
15 I Values from the NCEA (as provided by EPA Region 10). 

16 2 Acute reference exposure levels (ARELs) from California EPA. The AREL is an exposure that is 
17 not likely to cause adverse effects in a human population, including sensitive subgroups, exposed to 
18 that concentration for one hour on an intermittent basis. The ARELs are based on the most sensi tive, 
19 relevant, adverse health effect reported in the medical and toxicological literature. The ARELs are 
20 designed to protect the most sensitive individuals in the population by the inclusion of margins of 
21 safety. Since margins of safety are incorporated to address data gaps and uncertainties, exceeding the 
22 AREL does not automatically indicate an adverse health impact. 

23 3 Acute exposure guideline levels (AEGL-1). Ifan AEGL-1 value is not available but an AEGL-2 
24 value is available, the AEGL-2 value will be used unless a more conservative value is available from 
25 one of the other sources in the hierarchy. The one-hour AEGLs are used. The AEGL-1 is the 
26 airborne concentration of a substance above which it is predicted that the general population, 
27 including susceptible individuals, could experience notable discomfort, irritation, or certain 
28 asymptomatic, non-sensory effects. However, the effects are not disabling and are transient and 
29 reversible upon cessation of exposure. The AEGL-2 is the airborne concentration of a substance 
30 above which it is predicted that the general population, including susceptible individuals, could 
31 experience irreversible or other serious , long-lasting adverse health effects, or an impaired ability to 
32 escape. 

33 Airborne concentrations below the AEGL-1 represent exposure levels that could produce mild and 
34 progressively increasing odor, taste, and sensory irritation, or certain non-symptomatic, non-sensory 
35 effects. With increasing airborne concentrations above each AEGL leve l, there is a progressive 
36 increase in the likelihood of occurrence and the severity of effects described for each corresponding 
37 AEGL level. Although the AEGL values represent threshold levels for the general public, including 
38 sensitive subpopulations, it is recognized that certain individuals, subject to unique or idiosyncratic 
39 responses, could experience the effects described at concentrations below the corresponding AEGL 
40 level. Note: This description is from "National Advisory Committee for Acute Exposure Guideline 
41 Levels (AEGLs) for Hazardous Substances; Proposed AEGL Values," Federal Register, 18 July 2003 
42 (Volume 68, Number 138), pages 42710-42726. 

43 4 Emergency response planning guidelines (ERPG-1). The ERPG-1 are the maximum concentration 
44 in air below which it is believed nearly all individual s could be exposed for up to one hour without 
45 experiencing other than mild transient adverse health effects or perceiving a clearly defined 
46 objectionable odor. Safety factors are not included. 
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l 5 Temporary emergency exposure limits (TEEL-1). The TEELs are temporary levels of concern 
2 similar to ERPGs, and defined by the US Department of Energy for use when ERPGs are not 
3 available. As with ERPGs, safety factors are not included. 

4 
5 The AIEC values selected using this hierarchy are provided in Supplement 4 along with their basis. Only 
6 one NCEA provisional value (for PCBs) is used. The ARELs from California EPA include potential 
7 effects of intermittent acute exposures. AEGL-1, AEGL-2, and ERPG-1 values assume one-time-only 
8 acute exposures and are available in units of parts per million (ppm). Some TEELs are provided in ppm 
9 and some in mg/m3

. Values are provided in their original units, along with conversion factors, in 
10 Supplement 4. The use of values obtained other than NCEA values or California EPA ARELs will be 
11 discussed as a nonconservative uncertainty in the uncertainty section of the risk assessment. 
12 
13 7.2.1.3 Toxicity of CO PCs to Nursing Infant 

14 Potential infant exposures to PCDD/PCDFs and coplanar PCBs in human breast milk will be evaluated 
15 in the SLRA. The interpretation of infant exposure is limited by the lack of infant dose-response data. 
16 The EPA (2005a) recommends evaluating infant exposures to dioxins in breast milk by comparing a site-
17 specific calculated dose to the infant (ADD;nJ) to a background dose to the infant. 
18 
19 A background infant ADD of 93 pg/kg-day of PCDD/PCDFs and co-planar, dioxin-like PCBs in breast 
20 milk as 2,3 ,7,8-tetrachlorodibenzo-p-dioxin toxic equivalents (TEQ), has been calculated by the EPA 
21 based on an average background 2,3, 7,8-TCDD TEQ concentration of 25 parts per trillion (ppt) measured 
22 in breast milk. The 25 ppt 2,3 ,7,8-TCDD TEQ is the sum of the average breast milk concentration of 
23 18 ppt TEQ from PCDD/PCDFs and 7-ppt TEQ from co-planar, dioxin-like PCBs. After normalization 
24 for infant body weight, this breast milk concentration of 25 ppt TEQ results in an average, background 
25 intake for the infant, ADh.;nJ, of93 picograms per kilogram per day (pg/kg-day) of 2,3,7,8-TCDD TEQ 
26 (EPA 2005a, Section 2.3.10.2). Based on the national average background exposure level of 60 pg 
27 TEQ/kg/day of PCDD/PCDFs for nursing infants reported by EPA (2005a), 33 pg TEQ/kg/day is 
28 attributable to background exposure levels of co-planar, dioxin-like PCBs. 
29 
30 This background approach will also be used for evaluating potential risks to the nursing infant for 
3 1 exposure to "dioxin-like" coplanar PCBs. The estimated dose (as 2,3,7,8-TCDD equivalents) of coplanar 
32 PCBs wi ll be compared to a background infant dose of 33 pg TEQ/kg-day. In addition to evaluating 
33 dioxin and PCB exposures separately, a total infant dose of dioxin-like compounds (PCDDs/PCDFs and 
34 coplanar PCBs expressed as 2,3 ,7,8-TCDD equivalents) will be calculated and compared to a total 
35 background dose of dioxin-like compounds of 93 pg TEQ/kg-day. This background dose may 
36 overestimate current exposures because dioxin exposures have been decreasing. The source of this value 
37 and potential range of background doses will be discussed further in the uncertainty assessment of the 
38 PRA report. 
39 
40 This approach is based on the assumption that, if the estimated dose to a nursing infant from site-related 
41 dioxins is below the nationwide background dose of dioxins to nursing infants, the site-related risk of 
42 cancer or noncancer effects is not significant. 
43 
44 ln discussing infant exposure to background concentrations of dioxins, EPA (2003) notes that 
45 " breast-feeding infants have higher intakes of dioxin and related compounds for a short but 
46 developmentally important part of their lives. However, the benefits of breast feeding are widely 
4 7 recognized to outweigh the risks." 
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I 
2 Although background intakes of dioxins by nursing infants (60 pg TEQ/kg-day, EPA 2005a) are relatively 
3 high compared to adult intakes (I pg TEQ/kg-day, EPA 2005a), the body burden of nursing infants is only 
4 about two times that of adults, and the contribution of infant exposure to eventual adult body burden is 
5 small. The reduced body burden in nursing infants (relative to intake) may be due to the rapid growth of 
6 the infant and a faster elimination/excretion rate in infants. 
7 
8 Trans placental transfer of dioxins from the mother to the fetus may also be a significant source of 
9 exposure. Dioxins may produce a broad range of effects in experimental animals exposed in-utero, and 

10 limited epidemiological studies have been conducted (EPA 2005c ). Potential effects ( cancer or 
11 noncancer, including developmental effects) of prenatal exposures are not included in the quantitative 
12 evaluation of risk. 
13 
14 There is currently no consensus regarding the most appropriate single approach to quantitatively evaluate 
15 potential risks associated with exposure to dioxin-like compounds by nursing infants. Alternative 
16 approaches to the two methods described above (i.e., comparison to background and lifetime risk) include 
17 calculating infant risks using (I) the infant ADD calculated in accordance with HHRAP, Table C-3-2, and 
18 (2) the lifetime risk calculated in accordance with Supplemental Guidance for Assessing Cancer 
19 Susceptibility from Early-Life Exposure to Carcinogens (EPA 2005d). These alternative methods will be 
20 presented in the uncertainty assessment of the PRA report. 
21 
22 7.2.1.4 Toxicity of Mutagens 

23 Supplemental Guidance for Assessing Cancer Susceptibility from Early-Life Exposure to Carcinogens 
24 (EPA 2005d) provides draft EPA guidance for evaluating early-life exposures to carcinogens. This 
25 guidance recommends that when developing quantitative estimates of cancer risk, age-specific values for 
26 both exposure and toxicity/potency should be integrated where such data are available and appropriate, 
27 specifically: 
28 
29 • Early life exposures to carcinogens may have a larger or smaller impact on lifetime cancer risk than 
30 later exposures, even if the total lifetime exposure is the same. 

31 • Exposures near the end of life may have little effect on lifetime cancer ri sk. 

32 
33 EPA 2005d recommends calculating a combined lifetime risk rather than separate infant, child, and adult 
34 risks with specific adjustments based upon increased susceptibility of younger receptor for mutagenic 
35 compounds. If the incremental lifetime cancer risk (ILCR) associated with mutagenic COPCs8 exceeds 
36 I 0-7 then the risk due to exposure to these CO PCs will be further assessed with consideration for age 
37 adjustment factors as described below. For mutagenic chemjcals, early life exposures have a larger 
38 impact than later exposures on lifetime risk. This impact can be quantified using an age dependent 
39 adjustment factor (ADAF) to make the following adjustments (EPA 2005d): 
40 
41 • For exposures before 2 years of age, a I 0-fold adjustment (ADAF = I 0) 

42 • For exposures between 2 and 16 years of age, a 3-fold adjustment (ADAF = 3) 

43 • For exposures after 16 years of age, no adjustment (ADAF = I) 

8 Mutagenic COPCs are those that are published in Tab le I b of EPA 2005d or EPA the RSL Tables (EPA 2013, or 
most recent update) , and are subj ect to periodic updating by EPA. Such mutagenic COPCs are identified in 
Supplement 4. 
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2 However, for this risk assessment, the division between infant and children exposures, and children and 
3 adult exposures does not occur at ages 2 and 16. Depending on the receptor, the nursing infant is 
4 presumed to be exposed (to breast milk) from ages O to age 1 or 2. Childhood exposures are assumed to 
5 occur over the first 6 years of life, and adult exposures are considered to apply to all receptors after age 6. 
6 A sensitivity analysis on exposure assumptions for the ADAP age bins indicated that it there is little 
7 difference in the outcome if they are not changed from the standard assumptions, but they should be 
8 broken into the following: age Oto <2 yr (ADAP=l0) , age 2 to <6 yr (ADAP=3), age 6 to < 16 yr 
9 (ADAP=3), and older than age 16 (ADAP=l). The infant exposure takes place over 1 or 2 years 

10 ( depending on the receptor), the child is exposed from age 2 ( or 3) through age 6, and the adult is exposed 
11 from age 7 through age 70. The EPA addresses the discrepancy between the age division common to risk 
12 assessments and the application of ADAPs in the electronic Handbook for Implementing the Supplemental 
13 Cancer Guidance at Waste and Cleanup Sites (EPA 2012b). 
14 
15 The EPA ADAFs are prorated according the age divisions to derive an ADAP appropriate to the receptors 
16 in this RA WP by modifying the exposure duration (ED) according to the age bins. The corresponding 
17 cancer risk for each age interval " i" takes the following form. 
18 

19 

20 
21 where: 
22 
23 
24 

25 
26 

27 

28 

29 
30 

31 

32 
33 
34 

Risk = C CR; . EE; . ED; · CSP · ADAF 
' Bw; · ATc ' 

(EPA 2012b) 

C 

CR; 

BW; 

EP; 

ED; 

ATc 

CSP 

ADAPF 

concentration of the chemical in the contaminated environmental medium (soil or 
water) to which the person is exposed (mg/kg or mg/L). 

consumption or intake rate of the contaminated environmental medium for age bin i 
(mg/day or L/day). 

body weight of the exposed person for age bin i (kg). 

exposure frequency for age bin i (days/year) 

exposure duration for age bin i (years) 

averaging time (yr) 

cancer slope factor (mg/kg-day)"1 

age dependent adjustment factor for cancer slope factor for mutagenic chemicals for 
age bin i (unitless) 

35 The risk assessment age divisions are shown with the ADAP age intervals below (EPA 2012b): 
36 

Exposure Exgosure 
Duration Age Exgosure Duration ADAF 

Receptor (ED, years) ~ Factors (ED!, years) (unitless) 
Child 6 0 to <2 Child 2 10 

2 to <6 Child 4 3 
Adult varies, 30 to 70 6 to <16 Adult 10 3 

:2: 16 Adult ED-16 
37 
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Total risk to the individual is the sum of the risks across all four age intervals. If exposure occurs across 
2 multiple pathways (e.g., ingestion, dermal absorption and inhalation), risks are also summed across 
3 pathways. 
4 

5 

6 

7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

23 
24 

25 

26 
27 
28 
29 
30 
31 
32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

Risk = C CRchild . EFchild . 2 yr . CSF · l 0 
Oto <l Risk2to<6 = C CRchild. EFchild. 4yr . CSF. 3 

BWchild · ATc B wchild . A Tc 

Risk = C CRadult . EFadult . 10 yr . CSF . 3 
6to <l6 BW T 

Risk~16 = C CRad111t . EFad111t . ( ED - 16) yr . CSF . 1 
BWadult . ATc adult · A C 

and 

Risklifetime = Riskoto <l + Risk2to <6 + Risk6to <l6 + Risk~/6 

The equations above are generalized for intake and the quantity (CxCR;xEF;x ED;)l(BW; xATc) differs 
from the LADD shown in Section 7.1.5 by the value used for exposure duration, ED;. Dermal absorption 
(which contributes to the LADD) and inhalation (which contributes to the EC) are also valid pathways. 
Algebraically, the term (CxCR;xEF;xED;)l(BW; xATc) equates to the LADD times the ratio of the age 
interval exposure duration, ED;, and the receptor's exposure duration, ED. The same is true with regard 
to applying the ADAF to inhalation exposures. Accordingly, the equations for exposures can be written 
as: 

ingestion and dermal absorption exposures: 
ED 

Risk = LADD·-' · CSF · ADAF 
I ED I 

and for inhalation exposures: 

where: 

ED 
Risk = EC·-' · URF · ADAF 

I ED I 

LADD = 
EC 
ED; 
ED 

CSF 

URF 
ADAF;= 

lifetime average daily for the receptor's total exposure period (mg/kg-day) 
exposure concentration (µg/m 3

) 

exposure duration for age bin i (years) 
exposure duration for the receptor (number of years that the receptor is exposed to the 
COPC) 
oral or dermal cancer slope factor, as appropriate (kg-day/mg) 

inhalation unit risk factor (m3/µg) 
age dependent adjustment factor for cancer slope factor for mutagenic chemicals for 
age bin i (unitless) 

Benzo[ a ]pyrene is often used as an index chemical when assessing other carcinogenic PAHs as described 
in the "Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons" 
(EPA 1993b). The EPA recommends that when assessing early-life exposure for PAHs using such an 
approach, the ADAF(s) should be applied to the benzo[a]pyrene slope factor before using relative potency 
factors to estimate risk from exposure to other P AHs (EPA 2006). 
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I For carcinogens that act by mechanisms other than mutagenicity, early life exposure may have a larger, 
2 smaller, or no impact on lifetime cancer risk. This impact would be chemical- or mechanism-specific and 
3 cannot be quantified at this time; therefore, no adjustment factor is recommended. The potential impact 
4 of exposures near the end of life also cannot be quantified. 
5 
6 Radionuclides are mutagens; however, slope factors for radionuclides sufficiently consider age factors. 
7 These adjustment factors will not be used in calculating lifetime risks for nursing infants exposed to 
8 ROPCs. The PCDDs/PCDFs and PCBs are not mutagens; therefore, lifetime risk for these compounds 
9 will be calculated with no adjustment to the CSF. 

10 
11 7.2.2 Toxicity Information and EPA Guidance for Specific COPCs 

12 The toxicity assessments for several CO PCs and classes of COPCs with unique toxicity characteristics or 
13 methods for assessment are described below. 
14 
15 7.2.2.1 Chromium 

16 Hexavalent chromium (Ct6
) is the most toxic valence state of chromium and has been shown to be a 

17 human carcinogen through inhalation. Trivalent chromium (Cr+3
) has not been shown to be carcinogenic 

18 in either humans or laboratory animals; however, the mechanism ofCr+6 carcinogenicity in the lung is 
19 believed to be its reduction to Cr+3 and its generation of reactive intermediates (Klaassen et al. 1996). 
20 While chromium emitted from the melter is not likely to be in the hexavalent fonn, the PRA will 
21 conservatively assume that 100 % of the facility emissions are hexavalent chromium for the carcinogen 
22 assessment and 100 % trivalent chromium for the noncarcinogen assessment. For the FRA, the same 
23 assumptions will be made unless WTP performance demonstration test data for this compound is 
24 avai lable to provide more realistic estimates. 
25 
26 7.2.2.2 Nickel 

27 The EPA (2005a) recommends that nickel be evaluated as an inhalation carcinogen because some forms 
28 of nickel, including nickel carbonyl, nickel subsu lfide, and nickel refinery dust, are considered to be 
29 carcinogens. Nickel emissions from hazardous waste combustion units are emitted as nickel oxide which, 
30 by itself, is not considered to be a carcinogen; however, nickel oxides can be reduced to nickel sulfates 
31 (some of which are carcinogenic) in the presence of sulfuric acid (EPA 2005a). In addition, nickel oxide 
32 is a major component of nickel refinery dust (other major components include nickel subsulfide and 
33 nickel sulfide), which is identified as a potential human inhalation carcinogen. The components 
34 responsible for the carcinogenicity of nickel refinery dust have not been conclusively established. 
35 Therefore, nickel emissions are evaluated as a potential carcinogen through the inhalation pathway using 
36 the inhalation URF for nickel refinery dust. For exposure pathways other than inhalation, nickel has not 
37 been shown to be carcinogenic and wi ll be evaluated as a noncarcinogen using the oral RJD for nickel-
38 soluble salts. 
39 
40 7.2.2.3 Particulates 

41 Toxicity values (i.e., R/Cs and URFs) are not available to quantitatively evaluate potential adverse health 
42 effects associated with inhaling particulates. Therefore, modeled annual average concentrations of 
43 respirable particulates will be compared with the following National Ambient Air Quality Standard 
44 (NAAQS) values: 
45 
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NAAQs value" 

50 µglm 3 

15 µg/m 3 

•values are for annual average concentrations. 

For air modeling purposes, it is assumed that al l particulates released from the facil ity will have a 
diameter of 1 µm or 2.5 µm; therefore, the PM2.5 standard wi ll be used for comparison to predicted air 
concentrations. 

7.2.2.4 Trichloroethylene 

Independently of any carcinogenic and/or mutagenic effects, trichloroethylene (TCE) may cause fetal 
cardiac malformations when a mother is exposed to TCE during a 21-day early gestation window. 
Region 10 human health toxicologists have determined that, to protect against potential noncancer fetal 
malformation outcomes, that average exposures over any 21-day period of time not exceed the 
concentrations in a ir or other media that are calculated to be protective for this expo ure using the RjD 
and RJC provided in IRIS (EPA 2012c) . IfTCE exposures approach levels that would cause concern as 
discussed in the EPA 20 12 memorandum, TCE will be further eval uated to assess its potential to present a 
risk of feta l cardiac malformations during a short window during earl y pregnancy as described in the 
memorandum. 

7.2.2.5 Polycyclic Aromatic Hydrocarbons 

18 Potential cancer risk associated with the seven PAHs considered to be carcinogenic by EPA 
I 9 (benzo [a] pyrene, benzo[ a] an thracene, benzo[b] fl uoran thene, benzo [k] fl uoran thene, chrysene, 
20 dibenz[a,h]anthracene, and indeno[ 1,2,3 -cd]pyrene) will be evaluated using a toxicity equivalency 
21 approach. This toxicity equivalency approach is based on the CALEP A/CARB 1994 approach cited 
22 below, which is endorsed by Ecology in Model Toxics Control Act, WAC 173-340-708(8). Adequate 
23 toxicity data are avai lable to determine a CSF only for benzo[a]pyrene. A relative potency factor (RPF) is 
24 assigned to each of the other six carcinogenic PAHs as compared to benzo[ a ]pyrene (refer to EPA 2005a, 
25 Table 2-8). Using this method, exposure concentrations are converted to equivalent concentrations of 
26 benzo[a]pyrene by multiplying the concentration by the appropriate toxicity equ ivalency factor (TEF). 
27 This approach results in toxicity equivalent (TEQ) concentrations of each carcinogenic PAH. The CSF 
28 for benzo[a]pyrene will then be used to evaluate risk from the equ ivalent concentration of each PAH. The 
29 TEFs, avai lable from EPA (2005a) and Ecology (WAC 173-340-900), are presented in Supplement 4. 
30 This method wi ll be applied to oral , dermal , and inhalation exposure pathways as shown in the generic 
31 equations below. 
32 

33 LADDTEQ = J oral or dermal X TEFPAH 

34 JLCRora/ or dermal = LADDTEQ X CSFBaP 

35 /LCR;,,1, = EC x TEFPAH x URFBaP 
36 
37 
38 

where: 

39 
40 

LADDrEQ toxicity equivalent lifetime average daily dose due to oral (ingestion) or dermal 
(skin absorption) exposure pathways (mg/kg-day) 
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f ora/ or dermal intake of the PAH of interest due to oral or dermal exposure pathways 
(mg/kg-day) 

TEF PAH toxicity equivalency factor associated with the PAH of interest (unitless) 

ILCRoralordermal = incremental lifetime cancer risk from oral or dermal exposure pathways 
( unitless) 

CSF80p Oral or dermal CSF for benzo[a]pyrene (kg-day/mg) 

JLCR;111, incremental lifetime cancer ri sk from inhalation pathways (unitless) 

EC exposure concentration of the PAH of interest through inhalation (mg/m3
). 

URF inhalation unit risk factor for benzo[a]pyrene (m3/µg) 

11 One limitation to this approach is that it does not measure point-of-action effects, such as skin cancer. 
12 
13 The TEFs are available from Model Toxics Control Act (MTCA) Part IX (WAC 173-340-900) for 
14 additional potentially carcinogenic PAH COPCs not included in EPA guidance (refer to MTCA Tables 
15 708-2 and 708-3). No RJD values are available for evaluating noncancer effects for these PAHs. 
16 Noncancer-on ly effects are evaluated for acenaphthene, anthracene, fluorene, naphthalene, and pyrene. 
17 These are included with their RjDs in Supplement 4 (organic COPCs). If PAHs are predicted to be 
18 important emissions from the facility based on their estimated cancer risks, surrogate toxicity values may 
19 be considered. Any selection of surrogates would be conducted by Ecology and EPA toxicologists. The 
20 WTP will provide Ecology and EPA with a list of PAHs for which surrogate values are needed. The 
21 PAHs with Ecology/EPA-provided surrogates will then be included in the quantitative evaluation. The 
22 P AHs lacking Ecology/EPA-approved surrogates will be evaluated qualitatively in the uncertainty 
23 assessment in the PRA. 
24 
25 
26 

7.2.2.6 Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans, and 
Polychlorinated Biphenyls 

27 The PCDDs, PCDFs, and PCBs are thought to act through a common mechanism of toxicity by binding to 
28 a protein known as the arylhydrocarbon receptor (AR) (for review, see Agency for Toxic Substance and 
29 Disease Registry [ATSDR] 1997 or World Health Organization [WHO] 1998). The AR-ligand comp lex 
30 is responsible for the activation of genes that have a deleterious effect when they are not under proper 
31 regulation by the receptor's hormones. Interaction of dioxins and similar compounds with AR, therefore, 
32 can cause immunological, neurological, endocrine, embryotoxic, and many other effects. 
33 
34 The similarity in action of these compounds is thought to result from their structural similarity. Dioxin is 
35 composed of two benzene rings joined by two carbon-oxygen-carbon bonds on two adjacent carbons of 
36 each benzene ring. Dibenzofurans have two benzene rings joined by a carbon-oxygen-carbon bond and a 
37 carbon-carbon bond on two adjacent carbons of each benzene ring. Biphenyls consist of two benzene 
38 rings joined by a single carbon-carbon bond. To form the polychlorinated derivatives, chloro groups are 
39 attached at various locations, as designated in the names of the compounds. Benzene rings are planar 
40 (i.e., flat) in conformation. Because two adjacent carbons on each benzene ring are joined in dioxins and 
41 dibenzofurans, both benzene rings are held in the same plane, and the chloro groups are also in that plane. 
42 Therefore, these molecules are said to be coplanar. The coplanar structure appears to be essential for 
43 interaction with AR. The benzene rings in biphenyl can rotate relative to each other, unless there are 
44 added groups that interfere with rotation (such as 2,2',6,6'-chloro groups, which occupy the carbons 
45 immediately on both sides of the carbon-carbon bond joining the rings) . The PCB congeners that are able 
46 to form a coplanar molecule (and are called coplanar PCBs) can interact with AR when they are in that 
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I configuration . There fore , coplanar PCBs are included among the CO PCs with similar action to dioxins 
2 and dibenzofurans. 
3 
4 Potentia l cancer risks associated with PCDDs/PCDFs and coplanar PCBs will be evaluated using the 
5 cancer CSF for 2,3,7,8-TCDD of l.0E+06 (mg/kg-dayy ' proposed in the Exposure and Human Health 
6 Reassessment of 2, 3, 7, 8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds (EPA 2003) at 
7 the direction of Ecology and EPA Region 10 (CC 063809). While the proposed CSF has not yet been 
8 approved by EPA, it is more conservative than the current CSF publi shed in HEAST ( 1997) and in the 
9 HHRAP database, and is widely considered to represent the best available science. 

10 
11 A discussion of risk results using both the 1997 (HEAST) and 2003 (dioxin reassessment) CSFs will 
12 appear in the uncertainty section of the PRA. 
13 
14 Because these contaminants have a common mechanism of action, it is assumed that the ir toxicity to biota 
15 is additive (WHO 1998, EPA 2005a) . That is, the risks from all dioxins, dibenzofurans, and coplanar 
16 PCBs will be added. 
17 
18 Polychlorinated Dibenzo-p-dioxins and Polychlorinated Dibenzofu rans 

19 The EPA (2005a) recommends evaluating all PCDD/PCDF congeners with chlorine molecules substituted 
20 in the 2, 3, 7, and 8 positions as carcinogens. Potential cancer ri sks associated with these PCDD/PCDFs 
2 1 wi ll be evaluated usi ng a toxicity equi valency approach. This approach ass igns a relati ve toxicity of each 
22 of the seventeen 2,3 ,7,8-sub tituted PCDDs/PCDFs as compared to 2,3,7,8-TCDD. Us ing the method, 
23 ex posure concentrations are converted to equi va lent concentrations of 2,3 ,7,8-TCDD by multiplying the 
24 concentration by the appropriate TEF. This conversion results in TEQ concentrations of each congener. 
25 The CSF for 2,3,7,8-TCDD is then used to evaluate risk fro m the tota l TEQ concentration. The most 
26 recent TEFs, ava ilable from MTCA Part [X (WAC 173-340-900) and EPA (2005a) and provided in 
27 Supplement 4, wi II be used. Equations used to incorporate TEFs are the same as those shown fo r PAHs, 
28 wi th the exception that 2,3,7,8-TCDD is the toxicity surrogate instead of benzo[a]pyrene. 
29 
30 Polychlorinated Biphenyls 

31 Cop lanar PCBs and PCDDs/PCDFs are similar structurally and may act through common mechanisms of 
32 toxicity. The EPA (2005a) and Ecology have implemented the use of dioxin TEFs for coplanar, dioxin-
33 I ike PCBs. Using this approach, exposure concentrations of coplanar PCBs are converted to equiva lent 
34 concentrations of2 ,3,7,8-TCDD by multiplying the concentration by the appropriate TEF. The CSFfor 
35 2,3 ,7,8-TCDD is used to eval uate risk from the total TEQ concentration. Potential cancer risks assoc iated 
36 with coplanar PCB emissions will be estimated using TEFs ava ilable from the HHRAP and listed i_n 
37 Supplement 4. Note that TEFs are ava ilable fo r 12 copl anar PCBs (HHRAP Table 2-5 and MTCA 
38 Table 708-4). 
39 
40 The estimated dose of coplanar PCBs, expressed as 2,3,7,8-TCDD equi valents, will be added to the tota l 
41 estimated dose of diox ins and used to estimate total risk from "dioxin- like" compounds in addition to 
42 evaluating coplanar PCB dose separate ly. 
43 
44 Other (noncoplanar) PCBs wil l be evaluated using the CSF for PCBs shown in Supplement 4. 
45 EPA (2005a) recommends different CSFs for different exposure routes and chlorine contents. The most 
46 conservative CSF (i .e., CSF from the high-ri sk persistence tier) is presented in Supplement 4 and will be 
4 7 used for the PRA. 
48 
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I Noncancer effects of PCBs will be evaluated using the RJD for Aroclor-1254. 
2 
3 7.2.3 Surrogate Values 

4 When chemical-specific toxic ity values for a chemical are not available, the use of a surrogate value may 
5 be necessary. This process involves applying a toxicity value established for one chemical to another 
6 chemical for which no value has been establi shed. The application of surrogate values is based on 
7 similarities in structure, mechanism of action, and toxicity. The following surrogate values for the SLRA 
8 have been identified by Ecology and EPA Region 10 (Table 7-10). 
9 

l O The use of these surrogates is reflected in the toxicity values and phys ical/chemical property values 
11 presented in this RA WP. In the absence of toxicity data for both the original COPC and the surrogate 
12 chemical, physical/chemical data is provided. A periodic review of available information wi ll be 
13 perfonned and surrogate values will be abandoned in favor of actual peer-reviewed constituent values as 
14 they are made available (e.g., toxicity values will be updated as they become availab le in as described in 
15 Section 7.2.1.1). 
16 
17 7.2.4 Toxicity Information and EPA Guidance for ROPCs 

18 This section provides the toxicity values that will be used for evaluating ROPCs and the source/rationale 
19 for these va lues. 
20 
2 1 

22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

7.2.4.1 Chronic Noncarcinogenic Toxicity of ROPCs 

The ROPCs are not evaluated for noncarcinogenic effects; however, the stable form ofROPCs with 
noncarcinogenic effects is evaluated as CO PCs . For example, the potential cancer effect of Sr-90 is 
evaluated as an ROPC while the potential noncancer effects of stable strontium are evaluated as a COPC. 
The li st of inorganic CO PCs includes the stable form of 11 RO PCs (antimony, barium, cadmium, cobalt, 
nickel , se lenium, strontium, tin, uranium, yttrium, and zi rconium). 

7.2.4.2 Carcinogenic Toxicity of RO PCs 

Ionizing radiation, and therefore all ROPCs, is considered to be a Group A carcinogen. Cancer risk from 
exposure to ROPCs through ingestion, inhalation, and external exposure to radionuclides in so il is 
estimated using a CSF. Ingestion and inhalation CSFs are central estimates from a linear model of the 
age-averaged, lifetime radiation cancer incidence risk per unit of activity inhaled or ingested, and are 
expressed in units of risk/pCi (i.e., pCi-1

) . Ingestion CSFs are taken from the Health Effects Assessment 
Summary Tables (HEAST) 2001 Update (EPA 2001) and are tabulated separately for ingestion ohap 
water, dietary intakes, and incidental soil ingestion. Inhalation CSFs (EPA 200 I) are provided separately 
for inhalation of particulates and vapors or gas. 

For external exposure to radionuc lides in soil, CSFs are central estimates of lifetime radiation cancer risk 
for each year of exposure to external radiation from photon-emitting radionuclides distributed uniformly 
in a th ick layer of soil. These CSFs are expressed as risk/yr per pCi/gram soil (i.e. , [pCi-yr/gr1) . The 
CSFs provided for external exposure in HEAST (EPA 200 1) are derived fro m risk coefficients li sted in 
Federal Guidance Report No. 13 (FGR No. 13) (EPA 1999c) that assume an infinite depth of 
contaminated soi l. For the WTP, however, it is expected that ROPCs will be deposited on the surface and 
wi ll be uniformly distributed over the top 2 cm of the so il and not to an infinite depth (EPA 2005a). 
FGR No. 12 (EPA 1993) also provides dose coefficients for a soi l depth of l cm and 5 cm. The ROPC 
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contamination leve l in unti l led so il is based on an assumed contamination depth of 2 cm (refer to 
Section 6.2). For conservatism, dose coefficients fo r a so il depth of 5 cm are preferred over using I cm 
dose coeffic ients or straight line extrapo lation between the I and 5 cm dose coeffic ients. The HEAST 
CSFs are, therefore, adjusted usi ng dose coeffic ients provided in FGR No. 12 (EPA I 993), assuming that 
ri k coeffi c ients (and CSFs) cale pro portiona lly with dose coeffic ients and depth. Us ing thi s approach, 
adjustments to HEAST factors are made using the fo llowing equation (CC 064328): 

where: 

CSFadj 

CSFHEAST 

DC5 

DC;,1 

(Equation 7-9) 

adjusted cancer slope factor for external exposure to rad ionuclides in soil 

HEAST factor for an infinite depth 

FGR o. 12 (Table III .5) dose coeffi cient for 5 cm depth 

FG R o. 12 (Table III .7) dose coeffi c ient for infini te depth 

The resulting depth-corrected CSFs are provided in Supplement 4. 

Cancer ri sk (morbidity) fro m ex terna l exposure to ioniz ing radiat ion in a ir is evaluated using a cancer ri sk 
factor (RF) expressed in units of(Bq-secs/m3r1. The RFs are obtained from FGR No. 13 (EPA 1999c) 
and are provided in Supplement 4 . 

Some ROPCs are g iven the suffi x "+D" to indicate that cancer ri sk estimates using these CSFs inc lude 
contributions to toxic ity fro m short-li ved decay products. For examp le, the + D s lope factor fo r Sb-1 25 
inc ludes the contribution of Te-1 25 m, which is a sumed to be in equilibrium with the parent. Ri sks are 
calculated using these + D CSFs. Because the +D CSFs for Sr-90 and Cs- 137 inc lude the contributions 
fro m the ir short-li ved decay products (Y-90 and Ba- 137m), separate ri sks are not calculated for these 
decay products (Y-90 and Ba- 137m). Quantifyi ng separate cancer ri sks fo r Y-90 and Ba- 137m, in 
addition to using +D slope factors for Sr-90 and Cs- 137, would result in double counting the toxicity of 
these two ROPCs. 

7.2.4.3 Chronic Dermal Toxicity of RO PCs 

33 Dermal absorption of ROPCs will be evaluated fo r tritium. The interna l dose fro m immers ion in a plume 
34 of tritiated wate r vapor is approximately 50 % fro m inhalation and 50 % from dennal absorption (Till and 
35 Meyer, 1983); therefore, for a ll receptors, the dennal absorption of tri ti um will be accounted for in the 
36 exposure assessment by mul tiplying the inhalation dose fo r this ROPC by 2. Denna l absorpti on of other 
37 ROPCs wi ll not be evaluated becau e th is pathway is considered to be insign ificant compared to 
38 inhalation for a ll ROPCs except tritium (See Appendix B for furth er di scuss ion). 
39 
40 7.2.4.4 Acute Toxicity of RO PCs 

4 1 Acute effects from a one-hour exposure to ROPCs will be estimated based on a tota l acute dose limi t of 
42 0.1 rem. Appendix B provides a review of the literature that establi shes the basis for defining a LOAEL 
43 for radionuclides. Based on this literature review, the lowest dose where c lin ically signi ficant 
44 nonstochastic effects (i .e ., the acute effects of radiation) have been observed is approximately IO rem. 
45 Applying the Cali forn ia EPA methodology fro m The Determination of Acute Reference Exposure Levels 
46 for Airborne Toxicants (CalEPA 1999), a defaul t uncerta inty factor of IO is appl ied to convert this 
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LOAEL to a NOAEL of 1 rem. The acute dose limit is then estimated by applying a second default 
uncertainty factor of 10 to account for intraspecies variability to provide protection to sensitive 
subpopulations. For radiation effects, chi ldren represent a sensitive subpopulation. This acute dose limit 
applies to a single exposure and does not account for intermittent exposures. This approach is very 
conservative. Unless 5 rem to 25 rem are del ivered in a very acute exposure, there would be no adverse 
effect; by using 0.1 rem, there would not be any anticipated effects at this level. It must be noted that the 
one-hour rad ionuclide exposure is not comparable to the one-hour chemical exposures, and 0.1 rem is not 
an acute criterion. 

For each of the ROPCs, acute radionuclide exposure criteria (AREC) corresponding to an acute dose of 
0.1 rem were calculated as described below. The calculated ARECs include two exposure pathways 
associated with submergence in a cloud of particulate and vapor phase radionuclides : external gamma 
exposure and inhalation. The following equations were used to calculate ARECs for these two pathways: 

External Gamma Exposure: 

ARECE = DL / (CDE X ET X CF1) (Equation 7-10) 

Inhalation: 

Total: 

where: 

AREC1= DL / (CDE X BR X ET X CF1 X CF2) (Equation 7-11) 

ARECE 

AREC1 

ARECR 

DL 

CDE 

ET 

CF2 

BR 

---+---
ARECE ARECI 

acute radionuclide exposure criteria for external gamma (µC i/cm3
) 

acute radionuclide exposure criteria for inhalation (µCi/cm3
) 

total acute radionuclide exposure criteria (µCi /cm3
) 

dose limit of 0.1 rem ( l 00 rnrem) 

(Equation 7-12) 

committed dose equivalent for radionuclide i (Sv-m3/Bq-s for external gamma; 
Sv/Bq for inhalation) 

conversion factor [10 5 mrem . 0.037 Bq -106 Ci . 106 cm
3

) 

Sv Ci µCi m 3 

acute exposure time ( I hr) 

conversion factor (3600 s/hr) 

breathing rate of standard man ( 1.2 m3 /hr) 

40 The ROPC decay products are represented in the calculation based on their respective decay probabilities. 
41 Parent radionuclides are given the "+D" designation to indicate that decay products are considered. 
42 Supplement 4 lists the parent and decay products included in the calculations . The following equation 
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I was used to calculate the committed dose equi valent (CD£) for the combination of a parent and decay 
2 product radionuclides: 
3 
4 
5 
6 
7 
8 

9 

10 

11 

where: 

CDE+D = L CDE; X f; (Equation 7-13) 

CDE+D 

CDE; 

f; 

committed dose equiva lent for radionuclide i and its daughter products 

committed dose equivalent for radionuclide i 

decay probability of radionuclide i 

12 The calculated ARECs shown result in a dose of 0.1 rem from each of the 46 ROPCs; therefore, when 
13 comb ined for all 46 RO PCs, these concentrations would result in a total dose of 4.4 rem. These 
14 concentrations are adjusted to ensure that the overall dose from a ll 46 ROPCs will not exceed 0.1 rem for 
15 an acute exposure of one hour, as shown below: 
16 
17 ARECM = ARECR--;- 44 
18 
19 where: 
20 
2 1 
22 

23 

24 
25 

26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

acute radionuclide exposure criteria for ROPC i corrected fo r the presence of 
multiple ROPCs (µCi/cm3

) 

acute radionuclide exposure criteria for ROPC i as calculated above (µCi/cm3
) 

total number of individually quantified RO PCs (Ba- I 37m and Y-90 are included as 
daughter products and are not quantified separately) 

The ARE CM values for each of the RO PCs are provided in Supplement 4. 

7.2.4.5 Toxicity of ROPCs to Nursing Infant 

Nursing infant scenarios wi ll be evaluated for exposure to 90Sr, 1291, 134Cs, and 137Cs. Background 
. f90s 1291 134c d 137c . h b ·1k ·1 bl Th . I . . concentrations o r, , s, an s m uman reast m1 are not ava1 a e. e potenha tox1c1ty 

of these RO PCs to an infant will be evaluated using the ingestion CSF for each of the RO PCs to calculate 
lifetime cancer risk as described in Section 7.2. 1.3 . 
7.3 Exposure Concentration, Lifetime Average Daily Dose, and Average Daily Dose 

Inhalation dose is expressed as the exposure concentration (EC), while oral dose and dermal adsorption is 
expressed as intakes, or daily dose (as the sum of intakes). The exposure concentration is derived 
separately for carcinogens and noncarcinogens, but the term is used fo r both types of airborne 
constituents. For intake, carcinogens and noncarcinogens are further di stingui shed by terminology. For 
evaluating exposure to carcinogenic compounds, the intake is referred to as LADD. For evaluating 
exposure to noncarcinogenic compounds, the intake is referred to as ADD. 

Cancer risk is estimated for each potentially carci nogen ic COPC and ROPC as the product of the 
exposure concentration and unit ri sk factor, or the cumulative intake (LADD) and the slope factor. 
Non-cancer risk is estimated for each potentially noncarcinogenic COPC as the ratio of the exposure 
concentration and reference concentration, or the cumulative intake (ADD) and the reference dose. This 
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I section describes the EC, the LADD, and the ADD as a prelude to risk characterization discussions where 
2 the quantitative assessment of risk due to exposure to carcinogens and noncarcinogens is described. 
3 
4 7.3.1 Exposure Concentration 

5 For all inhalation pathways, the exposure concentration is u ed as a measure of receptor dose against 
6 which risk is evaluated. The equation in Table C-2-1 of the HHRAP erve as the basis for computing the 
7 exposure concentration due to long term (chronic) inhalation of emissions. Some receptor exposure 
8 scenarios include expo ures that include time spent in what the RAGS Part F terms as 
9 "microenvironments", or exposures that last less than 24 hr/day. Per RAGS Part F Section 3.4.1, 

10 Equation 9 is applicable: 
11 

12 

13 
14 where: 
15 
16 
17 

18 

19 

20 

21 

22 

23 

24 

EC= """"' (c -ET. -EF)- EDJ 
1 L.i a 1 1 AT · CF 

J 

(RAGS Part F Eq. 9) 

concentration of COPC or ROPC in air (µg/m 3 or pCi/m3
) calculated as described in 

Section 6.1 

EC1 

E0 
EFj 
ED1 

AT 

CF 

exposure concentration for microenvironmentj (mg/m3 or pCi/m3
) 

exposure time for microenvironmentj (hr/day) 

exposure frequency microenvironmentj (day/yr) 

exposure duration for microenvironmentj (yr) 

averaging time for carcinogens (ATc) or noncarcinogens (ATN) (yr) 

conver ion factor (8760 hr/yr) 

25 This is the same equation as presented in sections 7. l.5.1 , 7. 1.5.2 (substituting the concentration in 
26 airborne soil concentration for air concentration) and 7.1 .5.5 (substituting airborne vapor and aerosol 
27 concentration for air concentration). 
28 
29 Per the RAGS Part F Section 3.4.2, to derive an average EC for a receptor over multiple exposure periods 
30 (e.g., exposures that occur for only a portion of the receptor's entire averaging time), the average EC from 
31 each period can be weighted by the fraction of the total exposure time that each period represents, using 
32 Equation 10 of the RAGS Part F. 
33 
34 

35 
36 
37 
38 

39 

40 

41 

42 

where: 

(RAGS Part F Eq . 10) 

long-term average exposure concentration (mg/m3 or pCi/m3
) 

exposure concentration for the period represented by ED1 (mg/m3 or pCi/ni3) 

ED1 = exposure duration for period) (yr) 

AT averaging time for carcinogen (ATc) or noncarcinogens (ATN) (yr) 

Page 7-78 



24590-WTP-RPT-ENV-14-002, Rev 0 
Environmental Risk Assessment Work Plan for the 

Hanford Tank Waste Treatment and Immobilization Plant 

I The equations below illustrate the computation of the EC. The equations below are based on HHRAP 
2 equations in Table C-2-l with modifications to account for the differing receptor lifestyles. The equations 
3 which follow contain subscripted parameters (some absent in previous equations) to aid in distinguishing 
4 exposure pathways and constituent carcinogeneity. 
5 
6 Hanford site industrial worker: 

7 for inhalation of COPCs and ROPCs via air: 
8 

9 

10 

11 

12 

C ·ET -EF · ED EC. = agmax 10b Job }Ob 
mh job AT 

Cwor ker 

EC , 
C -ET · EF. -ED Oo.ffs home home home 

m I offs 
ATCworker 

C ·ET -EF -ED £ C. = a0ffs wk end wkend wkend 

mhwkend AT 
Cworker 

EC;,,1, . 
Ca · ET,.e,ire · EF,.e,ire · ED,.e,ire 

offi 

retire 

ED .b EDhome 
£Cini, = £Cini, job ___ 10_+ EC 

AT "'" offs ATC C 
ED .b EDhome EC ,, =EC , ·--10- +EC 

m m I job AT "'" offs ATN N 

C -ET ·EF -ED £C. = Og max Job 10b Job 
mhjob AT 

N worker 

EC ,, 
m offs 

C ·ET -EF. -ED Doffs home home horn e 

A TN worker 

C · ET -EF ·ED £ C. = a0JJs wke11d wkend wk end 

mhwkend AT 
Nworker 

E c inh rerire 

C · ET . · EF . · ED . Oojfs re/Ire retire re/I re 

£Dwke,ul + EC. . EDretire +EC · or 
mh wkend ATC mh rerire AT 

C 

£Dwkend . £Dretire + EC , + E c inh retire m 1wkend 
AT,v AT,v 

13 and inhalation ofCOPCs and ROPCs via resuspended soil: 
14 

15 

16 

17 

18 

- Csg,,,ax . £Tjob . £Fjob . £Djob Cs £Tjob . EFjob . EDjob 
EC I EC I 

tDgmax 
s01 job PEF ATC worker 

so, job PEF A TN worker 

Cs offs . ET -EF -ED Cs,oiffi ET -EF -ED 
EC I 

home home home EC I 
0 S home home home --- · 

SOI offs PEF ATCwor ker 
SOI offs PEF A TN worker 

Cs off ET ·EF -ED Cs,oiffi ET ·EF ·ED EC . =-- · wkend wkend wkend 
EC I 

0 S wkend wkend wkend 
SOIi wkend PEF ---· 

ATC worker so, wkend PEF A T N worker 

Cs £Tretire · £Fretire · £Dretire Cs10 offi £Trelire · £Pre/ire · EDrerire EC . = ___±· 
£Csoil retire 

0 S --- · sod retire P£F AT PEF ATNretire Crelire 

£D b ED 
EC = EC . ·--10- +EC . · ______/'!!!!!.! +EC . soil SOIi job A T sod offs A T SOIi wkend 

C C 

EDwkend + EC . . £Dretire 
A TC so,/ retire A Tc 

ED . ED 
EC ., = EC ., · ~ + EC ., · ______I'!!!!!.! + EC ., 

so, so, job A T so, offs A T so, wkend 
N N 

£Dwkend + EC . . £Dretire 
A TN SOIi retire A TN 
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I where: 
2 
3 £Cinh· 

J 

4 
5 

6 £Csoi/· 
J 

7 
8 

9 EC;111, 

10 
11 
12 

13 ECsau 
14 
15 
16 

17 Ca 
18 
19 
20 

21 Csi 
22 
23 
24 

25 Cs,D· 
J 

26 
27 

28 ET 

29 EF 

30 ED 

31 AT 
32 

33 

34 
35 
36 

37 subscript gmax 

38 subscript offs 

39 subscript job 

40 subscript home 
41 

42 subscript wkend 
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worker exposure concentration of CO PCs or ROPCs through inhalation of 

emissions while at various microenvironments,j, defined by the subscripts 
below (Section 7.1.5 .l) (mg/m3 or pCi/m3

) 

worker exposure concentration of CO PCs or RO PCs through inhalation of 

resuspended soil while at various microenvironments,j, defined by the 
subscripts below (Section 7.1.5.2) (mg/m3 or pCi/m3

) 

long-term (cumulative) worker exposure concentration of CO PCs or 
RO PCs through inhalation of emissions during the exposure scenario (note: 
the subscript "LT" is omitted for consistency with other receptors with 
non-periodic exposure scenarios) (mg/m3 or pCi/m3

) 

long-term worker exposure concentration of COPCs or RO PCs through 
inhalation of resuspended soil of emissions during the exposure scenario 
(note: the subscript "LT" is omitted for consistency with other receptors 
with non-periodic exposure scenarios) (mg/m3 or pCi/m3

) 

concentration of COPC or ROPC in air for each location of interest 
(ground maximum for on the job exposures, and offsite 90th percentile for 
after work, weekends, and during retirement) (Section 6.1) (µg/m 3 or 
pCi/m3

) 

concentration of carcinogenic COPC or ROPC in soil for each location of 
interest (ground maximum for on the job exposures, and offsite 90th 
percentile for after work, weekends, and during retirement) (Section 6.2) 
(mg/kg or pCi/g) 

concentration of noncarcinogenic COPC in soil for each location of interest 

(ground maximum for on the job exposures, and offsite 90th percentile for 
after work, weekends, and during retirement) (Section 6.2) (mg/kg) 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

when shown with a receptor-specific subscript: averaging time for 

carcinogens ( ATCworker or ATCretire ) or noncarcinogens ( ATNworker or 

ATNretire ) corresponding to the worker or retiree exposure. When shown 

without a receptor-specific subscript: total scenario averaging time for 
carcinogens (ATc) or noncarcinogens (ATN) corresponding to the worker 

plus retiree averaging time ( ATCworker + ATCretire or ATNworker + ATNretire ) (yr) 

value associated with the ground maximum location 

value associated with the offsite location 

value associated with worker exposures on the job 

value associated with worker exposures after work, while presumably at 
home 

value associated with worker exposures on the weekends 
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value associated with exposures of the retired worker 

3 Conversion factors are omitted for simplicity. 
4 
5 Resident, subsistence farmer, and subsistence fi sher: 

6 for inhalation of COPCs and RO PCs via air: 
7 

EC = _C-=-0 _· E_T_· E_F_· E_D_ 
mh AT 

C 

EC = _C-=-0 _· E_T_· E_F_· E_D_ 
mh AT 

N 

8 
9 and inhalation of CO PCs and RO PCs via resuspended so il : 

10 

11 
12 
13 
14 
15 

16 
17 

18 

19 
20 
21 

22 
23 

24 

25 

26 
27 
28 
29 

30 
31 

32 

where: 

EC . = Cs ET· EF · ED 
so,/ PEF AT 

EC . = Cs,n ET · EF · ED 
smi PEF AT 

ECsoil 

Csro 
ET 

EF 

ED 

C N 

exposure concentration of CO PCs or RO PCs through inhalation of emissions 
(Section 7.1.5. 1) (mg/m3 or pCi/m3

) 

exposure concentration of CO PCs or RO PCs through inhalation ofresuspended soi l 
(Section 7.1.5.2) (mg/m3 or pCi/m3

) 

offsite air concentration of COPC or ROPC in air (Sect ion 6. 1) (µg/m 3 or pCi/m3
) 

offsite soil concentration of carcinogenic COPC or ROPC (Section 6.2) (mg/kg or 
pCi/g) 

offsite soil concentration of noncarcinogenic COPC (Section 6.2) (mg/kg) 

exposure time (hr/day) 

exposure frequency (day/yr) 

exposure duration (yr) 

AT averaging time for carcinogens (ATc) or noncarcinogens (ATN) (yr) 

Conversion factors are omitted for simplicity. 

Resident Subsistence American Indian and Alternate Resident Subsistence American Indian #2: 

for inhalation of CO PCs and ROPCs via air: 

C -ET-EF -ED 
EC =-"-----

mh AT 
C 

C -ET-EF-ED 
EC =-0 ----

mh AT 
N 

33 and inhalation of CO PCs and RO PCs via resuspended soi l: 
34 

EC . =__Q_ ET· EF · ED 
so,! PEF AT 

C 

EC . = Cs,n ET· EF · ED 
sod PEF AT 

N 

35 
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1 and inhalation of COPCs and ROPCs via vapors and aerosols released during sweat lodge events: 
2 
3 Volatile and semivolatile organic COPC and volatile ROPC vapors: 

4 
5 

6 

7 

8 
9 

10 
11 
12 

13 
14 

15 
16 

17 

18 
19 

20 

21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
36 
37 

where: 

EC = C . ( V., ). ( 1 ) ET,1 • EF,1 • EDsl EC = C . ( V., ) . ( I ) ET,1 • EF,1 • ED.1 

sl dw 2 ½ 3 AT sl dw 2 ½ 3 AT 3 ·Jr·r c 3 · Jr·r N 

Non-volati le COPC and ROPC aerosols: 

EC = C . "' . e . r.1 - 46,13 sl . sl . sl 
( 

MW ) ( 183036-
38 16

·
44

) ET EF ED 
d • R-T . AT 

d Pw C 

EC = C . w ·e I . T,1 - 46.13 ET,/ ·E sl · D,1 
( 

MW ) ( s 3036~) F E 
sl dw R-T . AT 

EC.oil 

EC., 

Vw 
1t 

r 

MWw 

R 

Ts, 

Pw 
ETs, 

EFs, 

EDs, 

AT 

e 

d Pw N 

exposure concentration of CO PCs or ROPCs through inhalation of emissions 
(Section 7.1.5.1) (mg/m3 or pCi/m3

) 

exposure concentration of CO PCs or RO PCs through inhalation of resuspended soil 
(Section 7 .1 .5 .2) ( mg/m3 or pCi/m3

) 

exposure concentration of COPCs or ROPCs through inhalation in the sweat lodge 
(Section 7.1.5.5) (mg/m3 or pCi/m3

) 

offsite air concentration of COPC or ROPC in air (Section 6.1) (µg/m 3 or pCi/m3
) 

offsite soil concentration of carcinogenic COPC or ROPC (Section 6.2) (mg/kg or 
pCi/g) 

offsite soil concentration of noncarcinogenic COPC (Section 6.2) (mg/kg) 

dissolved surface water concentration of CO PCs and ROPCs (Section 6.3) (mg/Lor 
pCi/L) 

volume of water (4 L) 

the constant pi ( unitless); n: ~ 3.14159265359 

radius of sweat lodge (I m) 

molar weight of water ( 18.01528 g/mol) 

ideal gas constant (0.06237 mmHg·m3/gmole ·K) 

temperature of the sweat lodge (339 K) 

density of liquid water at temperature Ts, (980.2 g/L) 

sweat lodge exposure time (hr/day) 

sweat lodge exposure frequency ( day/yr) 

sweat lodge exposure duration (yr) 

averaging time for carcinogens (A Tc) or noncarcinogens (ATN) (yr) 

base of the natural logarithm (unitless) , ~ 2.718282; the units for the Antoine 

(
18.3036 

38 16
.4

4 
) 

. T 1- 46.13 mH equat10n, e ' , are m g 

Conversion factors are omitted for simplicity. 
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2 Alternate Resident Subsistence American Indian #1: 

3 for inhalation of CO PCs and RO PCs via air: 
4 

C · ET -EF ·ED EC = a0ffi home home hom e 

inh offs AT 
C 

C · ET ·EF -ED £C. = a0ffs home home home 

"'" offs AT 
N 

EC = CDgbl . ETgbl . EFgbl . EDgbl 
,nh gbl AT 

C 

EC = Caaffs . ETgbl . EFgbl . EDgbl 
'"" gbl AT Ngbl 

5 

EC EC , EDhome + EC . EDgbl 
in/, = ;,,1, offs A Tc 111/, gbl A Tc 

EC = EC . EDhome + EC . EDgbl 
mh mh offs AT mhgbl A T 

N N 

6 
7 and inhalation of CO PCs and RO PCs via resuspended soil : 
8 

Cs ET -EF ·ED EC . = _.-!!If!_ . home hom e hom e 

so,! offs PEF AT 
C 

Cs1D ET . EF • ED £ C . = ______!!/!!_ . home hom e horn e 

so,/ offs PEF AT 
N 

Cs gbt ETgbt . EF bt . ED gbt 
EC . = --· 8 

so,! gbl PEF AT 
C 

CstDgbls ETgbl . EFgbl . EDgbl 
EC . = --· -"------"'------ --"--

'0" gbl PEF AT 
N 

9 

, EDhome + EC . . EDgbl 
EC,oil = EC,oil offs ATC sod gbl ATC 

EC . = EC . . EDhome + EC . . EDgbl 
so ,/ sotl offs A T sod gbl AT 

N N 

10 
11 and inhalation of COPCs and RO PCs via vapors and aerosols released during sweat lodge events: 
12 
13 Volatile and semivolatile organic COPC and volatile ROPC vapors: 

14 
15 

16 

17 

18 
19 where: 
20 
21 
22 

23 
24 

EC =C ·(Vw)·( l JET,1 -EF,, ·ED,1 EC =C ·(V.v)·( I J ET,1 •EF,1 -ED,1 

sl dw 2 ½·Jr . r 3 AT sl dw 2 ½.Jr. r 3 AT 
3 C 3 N 

Non-volatile COPC and ROPC aerosols: 

[ ) 

( I 8. 3036~ ) EC = C . MW.v . e r,1- 46 13 ET,1 • EF,1 • ED,1 

= • R·T · AT d Pw C 

[ ) 

( 18.3036~ ) EC = C . MWw . e r,1- 46. 13 ET,1 • EF,1 • ED,1 

sw dw R. T , AT 
d Pw N 

exposure concentration of CO PCs or ROPCs through inhalation of emissions 
(Section 7 .1.5 .1) (mg/m3 or pCi/m3

) 

ECsoil exposure concentration of CO PCs or RO PCs through inhalation of 
resuspended soil (Section 7.1.5.2) (mg/m3 or pCi/m3

) 
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subscript home 

subscript gbl 
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exposure concentration ofCOPCs or ROPCs through inhalation in the sweat 
lodge (Section 7 . 1.5.5) (mg/m3 or pCi/m3

) 

value associated with the offsite location 

value associated with time spent at home (offsite location) 

value associated with ceremonial activities, presumably at the Gable 
Mountain location 

8 Other variables are defined above. Conversion factors are omitted for simplicity. 
9 

10 7.3.2 Lifetime Average and Average Daily Dose 

11 For evaluating exposure to carcinogenic compounds, the intake is referred to as LADD. For evaluating 
12 exposure to noncarcinogenic compounds, the intake is referred to as ADD. The LADD is equivalent to the 
13 dose to the receptor averaged over a lifetime, while the ADD is the average dose to the receptor over the 
14 exposure period. The LADD is a chronic dose used for assessing long term cancer risk while the ADD is 
15 the average threshold dose used for assessing the hazard . For COPCs, the daily intake, / , must be 
16 converted to a dose (LADD and ADD) by applying receptor specific parameters such as exposure 
17 frequency and duration, body weight, etc. For ROPCs, the equations for daily intake, / , generally equates 
18 to the LADD because such receptor-specific parameters are already included in the ROPC equations (see 
19 Section 7.1.5). The equations which follow contain subscripted parameters (some absent in previous 
20 equations) to aid in distinguishing exposure pathways and constituent carcinogeneity. 
21 
22 The LADD and ADD ( due to oral intake) is calculated as the product of the daily intake and the lifetime 
23 exposure frequency (EF) and duration (ED) divided by the risk averaging time (A1) of the exposure 
24 pathway. Values for EF and ED are pathway specific (that is , specific to the time of exposure to soil, or 
25 time during which a specific diet is consumed or water is consumed). The application of EF and ED to 
26 the LADD and ADD computation is important because it di stinguishes the lifetime dose for the various 
27 receptor/exposure pathway combinations used in the risk assessment. The value of the risk averaging 
28 time for a carcinogen (A Tc) is the lifetime of the receptor (generally, this is 70 years). The value of the 
29 risk averaging time for a noncarcinogen (ATN) is the exposure duration (ED) of the receptor. 
30 
31 The equations below illustrate the computation of the LADD and ADD. Note that the equations below are 
32 based on HHRAP equations in tables C-1-7 and C-1-8 with modifications to account for the differing 
33 receptor lifestyles. Equations for ROPCs already include terms for an average lifetime exposure so the 
34 intake, /, for an ROPC is the same as the LADD for a ROPC. Computing the LADD and ADD based upon 
35 daily intake yields: 
36 
37 Hanford site industrial worker and res ident: 

38 for COPCs: 
39 

LADD = / . . EFsoil . ED soil 
0 , 0 ;1 so,/ AT 

C 

ADD = I . . EFsoil . ED soil 
o,o;J so,/ AT 

N 

EF - ED LADD = J . food food 
o1-1 ag AT 

C 

EFfood · ED food 
ADDofood = J ag . AT 

N 
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LADD = f . £Fdw. £Ddw 
odw dw AT 

C 

1 
2 for ROPCs: 
3 

4 LADDo,on = / soil 

5 LADDofood = I ag 

6 LADDodw = I dw 

7 
8 Resident subsistence farmer: 

9 fo r COPCs: 
10 

LADDO 
soil 

_ J . EF,oil · EDsoil 
- soil AT. 

C 
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ADD = I . EFdw. EDdw 
0,1w dw AT 

N 

ADD 
0 soil 

_ J . EF,oil · EDsoil 
- soil AT 

N 

LADDO food 
=(Jag + J beef + [milk + l · EFfood · ED food 

J pork + J chicken + / egg A Tc 

= ( Jag + f beef + [milk + : . EFfood · ED food 

J pork + [chicken+ ]egg ATN 

LADD = I . EFdw. EDdw 
odw dw AT. 

C 

ADD = J . £ Fdw . EDdw 
odw dw AT 

N 

11 

12 fo r ROPCs: 
13 

14 LADD0 '°n = ]soil 

15 LADDofood = Jag + J beef + ]milk + J pork + J chicken + f egg 

16 LADD0 dw = f dw 

17 

18 Resident subsistence fisher: 

19 fo r COPCs: 
20 

LADDo - J . EFsoil . EDsoil 
soil - soil AT. 

C 

ADD - f . EF,oil . EDsoil 
0 , 0 n - soil AT 

N 

EF -ED 
LADDo = (J + J ) . food food 

food ag fish A T. 
C 

LADD = I . EFdw . EDdw 
odw dw AT. 

C 

ADD - I . EFdw . EDdw 
odw - dw AT 

N 

21 
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2 
3 LADDo,ou = / soil 
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4 LADD0 food = f ag + f fish 

5 LADD0 dw = f dw 

6 

7 Resident Subsistence American Indian: 

8 for COPCs: 
9 

LADD = I . . EF,oil . EDsoil 
0,0 ;1 sod AT 

C 

ADD - f . EFsoil . EDsoil 
0 , 0 ;1 - soil AT 

N 

[

] ag + J game + / wild fowl +] EFfood · ED food 
LADDO = . -~- ----"-

f00</ f wild eggs + f fish A Tc [

/ ag + J game + / wild fowl +] EFfood · ED food 
ADD = · -'------=-----

0 food f wild eggs + f fish AT N 

LADD = I . EFdw . EDdw 
0,1w dw AT 

C 

A = f . £Fdw . £Ddw 
DDodw dw AT 

N 

10 

11 for ROPCs: 
12 

13 LADDo,ou = / soil 

14 LADD o food = f ag + f wild fowl + f wild egg + J game + [ fish 

15 LA DDodw = I dw 

16 
17 where: 
18 
19 

20 

21 

22 

23 

24 

25 
26 

27 
28 

29 
30 

LADDO 
soil 

LADDO 
food 

LADD0 dw 

ADD 
0 soi/ 

ADDO food 

ADDodw 

fsoil 

h eef 

lifetime average daily dose from soil ingestion (unitless) 

lifetime average daily dose from food ingestion (unitless) 

lifetime average daily dose from water ingestion (unitless) 

average daily dose from soil ingestion (unitless) 

average daily dose from food ingestion (unitless) 

average daily dose from water ingestion (unitless) 

intake of COPC or ROPC due to soil ingestion (Section 7.1.5.2) (mg/kg-day or 
pCi) 

intake of COPC or ROPC through ingestion of produce (Section 7.1.5 .3) 
(mg/kg-day or pCi) 

intake ofCOPC or ROPC through ingestion ofbeef (Section 7. 1.5 .3) (mg/kg-day 
or pCi) 
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I 
2 

3 
4 

5 
6 

7 
8 

9 
lO 

11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

21 
22 
23 

24 
25 
26 
27 
28 
29 
30 

31 

32 
33 

34 
35 

36 

fmi lk 

f pork 

f chicke11 

f game 

f wildfowl 

f wild egg 

EFsoil 

EDsoil 

EDf ood 

BW 

ATc 
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intake of COPC or ROPC through ingestion of milk (Section 7.1.5 .3) (mg/kg-day 
or pCi) 

intake ofCOPC or ROPC through ingestion of pork (Section 7.1.5.3) (mg/kg-day 
or pCi) 

intake of COPC or ROPC through ingestion of chicken (Section 7.1.5.3) 
(mg/kg-day or pCi) 

intake of COPC or ROPC through ingestion of eggs (Section 7.1.5.3) (mg/kg-day 
or pCi) 

intake of COPC or ROPC through ingestion of game (Section 7.1.5.3) 
(mg/kg-day or pCi) 

intake ofCOPC or ROPC through ingestion of wild fowl (Section 7.1.5.3) 
(mg/kg-day or pCi) 

intake of COPC or ROPC through ingestion of wild eggs (Section 7.1.5 .3) 
(mg/kg-day or pCi) 

intake of COPC or ROPC from drinking water (Section 7.1.5.4) (mg/kg-day or 
pCi) 

so il exposure frequency (day/yr), the number of days per year the receptor is at a 
location exposed to incidental soil ingestion. 

soil exposure duration (yr), the number of years the receptor is at a location 
exposed to incidental soil ingestion. 

food exposure frequency (day/yr), the number of days per year a receptor 
consumes a food type used to assess the exposure through food ingestion (e.g., 
produce, game, beef, fish, etc.). 

food exposure duration (yr), the number of years a receptor consumes a food type 
used to assess the exposure through food ingestion (e.g. produce, game, beef, 
fish, etc.). 

drinking water exposure frequency (day/yr), the number of days per year the 
receptor drinks water from the Columbia River. 

drinking water exposure duration (yr), the number of years the receptor drinks 
water from the Columbia River. 

body weight (kg) 

averaging time for carcinogens (yr), generally equal to the receptor 's lifespan 
(70 years) 

averaging time for noncarcinogens (yr), generally equal to the receptor' s 
exposure duration (ED) 

37 Conversion factors are omitted for simplic ity. 
38 
39 7.3.3 External and Dermal Dose 

40 The external dose is consider the dose adsorbed by the receptor due to external radiation (from air and 
41 soil) exposure while dermal dose is the dose absorbed through the skin by immersion to constituents. 
42 Dermal dose is only assessed in a sweat lodge exposure scenario. 
43 
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I For airborne RO PCs, the LADD is computed as: 
2 
3 LADDira = h -a 
4 
5 where: 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 

27 

28 
29 
30 
31 
32 

33 
34 

35 

36 

37 
38 

39 
40 

41 

LADDira 

Jira 

lifetime average daily dose, or intake, f;, .a, from external radiation for airborne 
ROPCs (Bq-sec/m3

) 

external exposure to gamma radiation from ROPCs in air (Section 7 .1.5 .1) 
(Bq-sec/m3

) 

For ROPCs in surface soil, the LADD is computed as: 

LADDirs = firs 

where: 

LADDirs lifetime average daily dose, or intake, firs , from external radiation for ROPCs in soil 
(pCi-yr/g) 
external exposure to gamma radiation from ROPCs in soil (Section 7.1.5 .2) 
(pCi-yr/g) 

For the resident subsistence American Indian exposure scenario(s) , dermal absorption occurs in the sweat 
lodge. The equations for computing the LADD and ADD from the dermal sweat lodge pathway are: 

where: 

COPCs: LADD = I · EF,, . ED,, and 
d d AT 

EFsl 

EDst 

ATc 

C 

ADD = I . EF,, . ED,, 
d d AT 

N 

lifetime average daily dose, or intake, Id, from dermal absorption of condensate and 
vapors within the sweat lodge (mg/kg-day) 

intake ofCOPCs from adult dermal absorption within the sweat lodge 
(Section 7.1.5.5) (mg/kg-day or pCi) 

sweat lodge exposure frequency (day/yr) 

sweat lodge exposure duration (yr) 

averaging time for carcinogens (yr), generally equal to the receptor's lifespan 
(70 years) 

averaging time for noncarcinogens (yr) , generally equal to the receptor's exposure 
duration (ED) 
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2 The purpose of the risk characterization is to evaluate the information obtained through the exposure 
3 (Section 7.1), toxicity (Section 7.2), and dose (Section 7.3) assessments to estimate the potential for 
4 receptors to experience adverse effects (cancer risks and noncancer hazards) as a result of exposure to 
5 media contaminated by emissions from the WTP. Potential health risks will be characterized separately 
6 for noncarcinogenic and carcinogenic endpoints, and chemical (i.e. , nonradiological) and radiological 
7 cancer risks will be evaluated and presented separately. 
8 
9 7.4.1 Risk Characterization for Carcinogens 

10 For carcinogens, risk is expressed as the probability that an individual wi ll develop cancer over a lifetime 
11 as a result of exposure to a carcinogen. Cancer risk from exposure to contamination is expressed as ILCR, 
12 or the increased chance of cancer above the normal background rate of cancer. Cancer risk from external 
13 exposure to ionizi ng radiation is expressed in terms of morbidity. 
14 
15 The threshold for the total JLCR for COPCs, the total JLCR for ROPCs, and the constituent-specific and 
16 pathway-specific JLCR for CO PCs and RO PCs is l E-05 , or I in I 00,000 exposed individuals 
17 (EPA 2005a). The total JLCR is the sum of all the constituent-specific JLCRs for CO PCs and ROPCs of 
18 applicable pathways (inhalation, oral, and external) for each receptor. 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

31 
32 
33 
34 

35 

36 

7.4.1.1 Inhalation Risk for Carcinogens 

Cancer risk is estimated for each potentially carcinogenic COPC as the product of the unit risk factor and 
the exposure concentration (EPA 2005a and EPA 200 1 ): 

For all inhalation pathways: 

where: 

JLCR;111, 

EC; 

URF 

(HHRAP Eq. 7-1) 

incremental lifetime cancer risk from inhalation pathways (unitless) 

exposure concentration of CO PCs through inhalation from pathway i (mg/m3
). For 

all receptors except those in American Indian scenarios, the EC; is due to air and 
resuspended soi l exposure (Sections 7.1.5 .1 and 7. 1.5.2). For tribal scenarios, EC; 
includes exposure to air, soil , and exposure in the sweat lodge (Section 7.1 .5.5). 

un it risk factor (m3/µg) 

37 However, for ROPCs, the cancer risk is estimated as the product of the slope factor and the intake. Recall 
38 that: 
39 
40 
41 
42 
43 
44 

where: 

l ; = EC; · IR· AT-CF (modified HHRAP Table C-3-1) 

l ; intake of ROPC via inhalation pathway i (pCi) 
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exposure concentration ofROPCs through inhalation from pathway i (pCi/m3
) . For 

all receptors except those in American Indian scenarios, the EC; is due to air and 
resuspended soil exposure (Sections 7.1.5.1 and 7.1.5 .2) . For American Indian 
scenarios, EC; includes exposure to air, soil, and exposure in the sweat lodge 
(Section 7.1.5.5). 

inhalation rate (m3/hr) 

averaging time for carcinogens (ATc) (yr) 

units conversion factor of 8760 (hr/yr) 

10 So that for ROPC exposure via inhalation pathways, the equation for risk is the product of intake and the 
11 slope factor: 
12 

13 

14 

(modified HHRAP Eq. 7-2) 

15 This yields the following receptor-specific equations: 
16 
17 Hanford site industrial worker, resident, farmer, and fisher : 

18 COPCs: fLCRinh = (ECinh + ECsoil ) · URF 

19 

20 

21 

22 

23 

24 where: 

25 

26 
27 
28 
29 
30 

31 
32 

33 
34 

35 

36 

37 

38 

39 

ROPCs: ILCRinh = (Ecinh + ECsoil ) . IR. AT. CSF;,,h . CF or ILCRinh = (Iinh + Jinhsoil ). CSF;nh 

Resident Subsistence American Indian(s): 

CO PCs: ILCRinh = (Ecinh + ECsoil + ECsl ). URF 

RO PCs: ILCR;,,h = (EC;,,1, + EC50 ;1 + ECs, ) ·IR · AT· CSF;nh · CF or 

ILCRinh = (!in/, + I inhsoil + I sl ) · CSF;,,h 

ILCR;111, 

ECinh 

EC.oil 

EC, 

/;,,h 

Isoil 

Is, 

URF 

CSF;,,1, 

CF 

incremental lifetime cancer risk from inhalation pathways (unitless) 

exposure concentration of CO PCs or RO PCs through inhalation of emissions 
(Section 7.1.5.1) (mg/m3 or pCi/m3

) 

exposure concentration of COPCs or RO PCs through inhalation of resuspended soil 
(Section 7.1.5.2) (mg/m3 or pCi/m3

) 

exposure concentration of CO PCs or RO PCs through inhalation in the sweat lodge 
(Section 7.1.5.5) (mg/m3 or pCi/m3

) 

intake ofROPCs through inhalation of emissions (Section 7.1.5 .1) (pCi) 

intake of RO PCs through inhalation of resuspended soil (Section 7. 1.5 .2) (pCi) 

intake ofROPCs through inhalation in the sweat lodge (Section 7. l.5 .5) (pCi) 

unit risk factor (m3/µg) 

radionuclide-specific inhalation cancer slope factor (pCi-1
) 

units conversion factor of 8760 (hr/yr) 
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2 For all oral (ingestion) pathways of constituents, Equation 7-2 of the HHRAP is used, with modifications 
3 for the pathway-specific CSFs that apply (refer to EPA 2001): 
4 
5 

6 

7 

8 

9 

10 

II 
12 
13 
14 

15 
16 

17 

18 
19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

JLCR
0 

= L (LADD
0

; X CSF
0

; ) (modified HHRAP Eq . 7-2) 

Such that: 

where: 

7.4.1.3 

for COPCs: JLCR0 = \LADD0 ,oil + LADD0 Jood + LADD0 dw ) · CSF0 , 01 

for RO PCs: ILCR = LADD . . CSF,oil + LADDO . CSFfiood + LADDO . CSF dw 
o Osotl food dlv 

LADDO 

CSForal 

CSFsoil 

CSFfood 

CSFc1w 

soil 

incremental lifetime cancer risk from oral pathways (ingestion) (unitless) 

lifetime average daily dose, or intake, of constituent via ingestion pathway i 
(water ingestion, food ingestion, and soil ingestion, as applicable) (pCi). 

pathway-specific ingestion CSF for pathway i (for COPCs, this is the oral CSF, 

for ROPCs, this is the water ingestion, food ingestion, and soil ingestion CSF as 
applicable) (pCi-1

). 

incremental lifetime cancer risk from soil ingestion (unitless) 

incremental lifetime cancer risk from food ingestion (unitless) 

incremental lifetime cancer risk from water ingestion (unitless) 

chemical-specific oral (ingestion) CSF (kg-day/mg) 

radionuclide-specific soil ingestion CSF (pCi- 1
) 

radionuclide-specific food ingestion CSF (pCi-1
) 

radionuclide-specific water ingestion CSF (pCi-1
) 

External and Absorption Risk for Carcinogens 

29 For COPC and ROPC exposure from external pathways (skin adsorption in the sweat lodge, and external 
30 ROPC exposures from air and soil), the cancer risk is estimated for each potentially carcinogenic COPC 
31 and ROPC as the product of the slope factor and the cumulative intake or external exposure (EPA 2005a 
32 and EPA 1999c): 
33 

34 ILCRe = I[ LADD; x CSF; or RF
0
;, ) HHRAP, Eq . 7-2 

35 
36 or, more specifically: 
37 

38 COPCs: ILCRe = ILCRede,mal 
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ROPCs : ILCRe = ILCRe . + ILCRe . 
soil air 

ILCRe 

LADD; 

CSP; 

RFair 

incremental lifetime cancer risk from external pathways (ingestion) (unitless) 

lifetime average daily dose, or intake, / , of constituent via pathway i ( dermal 
absorption, external air and soil exposure) (mg/kg-day, pCi-yr/g, or Bq-sec/m3

) 

constituent-specific external pathway CSF for pathway i ( dermal absorption, soil 
exposure) (kg-day/mg or pCi-1

) 

radionuclide-specific risk coefficient for morbidity for pathway i (external air) 
(m3/Bq-sec) 

14 Other variables are defined below. 
15 

16 For exposure to ionizing radiation in soil, the following equation is used (EPA 1999c ) : 
17 

18 JLCRe,ou = LADDirs X CSFadj 
19 
20 where: 
21 

22 

23 

24 
25 

ILCRe 
soil 

LADD;,s 

CSFadj 

incremental lifetime cancer risk due to external exposure to radionuclides in soil 

(unitless) 

lifetime average daily dose to radiation from ROPCs in soil , l ;,s, from RO PCs in 
soil (pCi-yr/g) . 

adjusted cancer slope factor for 5 cm depth (Section 7.2.4.2) (pCi-1
) 26 

27 
28 
29 
30 

31 

For exposure to ionizing radiation in air, the following equation is used (EPA 1999c): 

32 
33 
34 

35 

36 

37 
38 
39 
40 
41 

where: 

ILCRea;, 

LADD;ra 

RFair 

incremental lifetime cancer risk due to external exposure to radionuclides in air 

(unitless) 

lifetime average dai ly dose, or intake, f ;,a, from radiation from ROPCs in air 
(Bq-sec/m3

) . 

radionuclide-specific risk coefficient for morbidity for external air (Section 7.2.4.3) 
(m3/Bq -sec) 
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l For COPC exposure from dennal absorption pathways (skin adsorption in the sweat lodge), the HHRAP 
2 Eq uation 7-2 is used in conjunction with CSFdermal as presented in Section 7.2.1. l for COPCs: 
3 
4 

5 

fLCRe = LADD d X CSFdermal 
dermal 

(modified HHRAP Eq. 7-2) 

6 where: 
7 

8 ILCR incremental lifetime cancer risk due to dermal absorption pathways (unitless). 
edermal 

9 This quantity is only calculated for sweat lodge exposures 

10 
11 

LADDd lifetime average dai ly dose, or intake, h from dermal absorption of condensate 
and vapors within the sweat lodge (mg/kg-day) 

12 CSFdermal = dermal cancer s lope factor (kg-day/mg) 

13 
14 The equations above yield the fo llowing receptor-specific equations: 
15 
16 Hanford site industrial worker9

, resident, fanner, and fi sher: 

17 COPCs: not detennined 

18 

19 

20 

21 

22 
23 7.4.1.4 

RO PCs: ILCRe = LADDirs . CSFadj + LADD;,.a . RFair 

Resident Subsistence American lndian(s): 

COPCs: fl CRe = LADDd · CSFdermal 

ROPCs: ILCRe = LADDirs . CSFadj + LADD;ra . RFair 

Additivity of Dioxins and PCBs 

24 Chlorinated dioxins, chlorinated dibenzofurans, and coplanar chlorinated biphenyls are similar 
25 structural ly and may act through common mechani sms of toxicity. Because they may have a common 
26 mechanism of action, it is assumed that the toxicity of these chemicals is additive (WHO 1998, 
27 EPA 2005a). Thi s additivity is addressed in the risk characterization by presenting a total risk from 
28 PCDDs, PCDFs, and coplanar PCBs in addition to presenting individual risks from these chemicals. 
29 
30 7.4. 1.5 Additivity of Other Potential Carcinogens 

3 I The assumption of strict additivity of chemical carcinogens assumes that ( I ) intakes of individual 
32 chemicals are small, and (2) there is no interaction among chemicals (i.e., no synergism or antagonism). 
33 Uncertainties associated wi th the assumption of additivity of chemical carcinogens wi ll be discussed in 
34 the uncertainty section of the PRA. Despite the uncertainty, a total ILCR from exposure to all 
35 carcinogenic CO PCs will be calculated as the sum of the chemical-specific ILCRs. 
36 The assumption of strict additivity of cancer risk from radionuclides is much less uncertain. A total ILCR 
37 from exposure to al l ROPCs will be calculated as the sum of the radionuclide-specific ILCRs. 
38 

9 Includes exposure during ad ul thood through retirement. 
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7.4.2 Risk Characterization for Noncarcinogens 

2 Noncarcinogenic health hazards are characterized using a hazard quotient (HQ) and hazard index (HI) 
3 approach. The HQ is the ratio of the calculated ADD to the reference or "safe" dose as shown below: 
4 

5 

6 
7 
8 
9 

10 

11 
12 

13 

14 

where: 

HQ = ADD or HQ= EC 
RJD RJC 

HQ 

ADD 

RJD 
EC 

RJC 

hazard quotient (unitless) 

average daily dose (mg/kg-day) 

reference dose (mg/kg-day) 

exposure air concentration (mg/m3
) 

reference concentration (mg/m3
) 

(HHRAP Eq . 7-5) 

15 The HQs will be calculated for each noncarcinogenic COPC. The ROPCs having potential health effects 
16 unassociated with radioactivity (i .e., noncancer effects) will be evaluated as inorganic COPCs. An HQ of 
17 1 or less indicates that the chemical-specific ADD is below the level associated with adverse effect. An 
18 HQ threshold level of 0 .25 has been selected as a risk management decision by Ecology and EPA 
19 Region l 0 to provide a conservative evaluation of hazard and is consistent with other EPA guidance 
20 (EPA 1998). 
21 
22 7.4.2.1 Inhalation Risk for Noncarcinogens 

23 The hazard index is estimated for each noncarcinogenic COPC as the quotient of the exposure 
24 concentration and reference concentration: 
25 
26 For all inhalation pathways: 
27 

28 

29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 

where: 

HQ = "[,EC; 
;nh RJC 

(HHRAP Eq. 7-5) 

HQ;nh 

EC; 

RJC 

hazard quotient from inhalation pathways (unitless) 

exposure concentration of COPCs through inhalation of emissions from pathway i 
(mg/m3

). For all receptors except those in American Indian scenarios, the inhalation 
pathways include air and resuspended soil exposure (Sections 7.1.5. l and 7.1.5.2). 
For American Indian scenarios, inhalation pathways include exposure to air, soi l, and 
exposure in the sweat lodge (Section 7.1.5.5). 

chemical-specific inhalation reference concentration (mg/m3
) 
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I This yields the following receptor-specific equations: 
2 
3 Hanford site industrial worker, resident, farmer , and fisher : 

4 HQinh = (ECinh + £Csoil )+ RjC 

5 Resident Subsistence American Indian(s): 

6 HQinh = (Ecinh + ECsoil + ECs, ) + RJC 

7 
8 7.4.2.2 Oral Risk for Noncarcinogens 

9 For all oral (ingestion) pathways of constituents, Equation 7-5 of the HHRAP is used: 
10 

11 HQ0 = L ADD0 i + RfDoral 

12 
13 Such that: 
14 

15 HQ0 = 1ADD0 + ADD0 + ADD0 }+ RfDoral 
\ so,I food dw 

16 
17 
18 
19 

where: 

hazard quotient from oral pathways (ingestion) (un itless) 

20 

21 

22 RfDoral 

average daily dose, or intake, of constituent via ingestion pathway i (water 

ingestion, food ingestion, and soil ingestion, as applicable) (mg/kg-day). 

ingestion RjD (mg/kg-day). 

23 

24 

25 

26 
27 7.4.2.3 

ADD 
0 soil 

incremental lifetime cancer risk from soil ingestion (unitless) 

incremental lifetime cancer risk from food ingestion (un itless) 

incremental lifetime cancer risk fro m water ingestion (unitless) 

Absorption Risk for Noncarcinogens 

28 There is no external radiation exposure pathway associated with COPCs. For COPC exposure from 
29 dermal absorption pathways (skin adsorption in the sweat lodge) , the HHRAP Equation 7-5 is used in 
30 conjunction with R/Ddermal as presented in Section 7.2.1. l for COPCs: 
31 
32 

33 
34 
35 
36 

37 

38 
39 

40 

where: 

HQd = ADDd +RjDdermal (HHRAP Eq. 7-5) 

R/Ddermal 

incremental lifetime cancer risk due to dermal absorpt ion pathways (unitless). This 

quantity is only calculated for sweat lodge exposures 

average daily dose, or intake, Id, from dermal absorption of condensate and vapors 
within the sweat lodge (mg/kg-day) 

dermal reference dose (mg/kg-day) 
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Multiple chemical exposures can result in synergism, antagonism, and/or additivity of biological 
responses when the chemicals act on similar target organs or when they are metabolized by the same 
enzymatic pathways . Additivity of noncarcinogenic health effects should only be considered if the 
chemicals have the same toxicological endpoint (e.g., organ or enzyme system), which implies the same 
mechanism of action . Additivity for all chemicals will initially be assumed for the SLRA regardless of 
toxicological mechanism or endpoint. This approach is likely to overestimate the true human health risks 
associated with exposure to the COPCs, since many chemicals may act on different target organs. If the 
target hazard index (HI) is exceeded, a segregation of the HI by toxicological endpoint wi ll be considered. 
If segregation by toxicological endpoint is used, chemical groupings by endpoint will be assigned with 
approval by Ecology and EPA. In addition to multip le chemicals, receptors will be assumed to be 
exposed to the multiple pathways identified in Table 7-1. 

The simplified equation for calculating a generic HI is presented below: 

where: 

HI =I, HQ 

HI 

HQ; 

hazard index for a specific exposure pathway 

hazard quotient for COPC i 

(HHRAP Eq. 7-6) 

23 An HI threshold level of 0.25 will be used in the SLRA to provide a conservative evaluation of hazard. 
24 

25 

26 
27 
28 
29 
30 

31 

7.4.3 Risk Characterization for Acute Effects 

Acute health hazards are characterized using an acute hazard quotient (AHQ). The AHQ is the ratio of the 
one-hour acute air concentration to the appropriate acute reference value as shown below: 

COPCs: AHQ = Cacute -;- AIEC 

RO PCs: AHQ = Cacute -;- ARECM 

(HHRAP Eq. 7-9) 

(modified HHRAP Eq. 7-9) 

32 where: 
33 
34 

35 

36 

37 

38 

AHQ 

AIEC 

ARECM 

one-hour acute air concentration (mg/m3 or µCi /m3
) 

acute hazard quotient (unitless) 

acute inhalation exposure criteria (Section 7.2.1.2) (mg/m3
) 

acute radionuclide exposure criteria (Section 7.2.4.4) (µCi /cm3
) 

39 As defined by the above equation, an AHQ of 1 or less indicates that the maximum one-hour air 
40 concentration is below the reference value. An AHQ threshold level of 1 is used to provide a conservative 
41 eval uation of hazard per EPA (CCN 063809). 
42 
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7.5 Uncertainty in Human Health Risk Assessment 

2 
3 
4 
5 
6 
7 
8 

This section provides an overview of some of the primary sources of uncertainty unique to the HHRA. 
Uncertainties associated with the COPC and ROPC selection, emission rates, and environmental 
modeling, descri bed in previous sections, also contribute to the uncertainty in the HHRA. As described in 
Section l O of this RA WP, an uncertainty assessment wi II be included in the SLRA to evaluate the 
contributors to , and potential impact of, uncerta inty in the ri sk assessment. 

9 
10 

7.5.1 Uncertainty in Exposure Assessment 

Sources of uncertainty in the exposure assessment include: 

11 • Contaminant concentrations in exposure media 

12 • Land-use assumptions 

13 • Selection of representative human receptor populations and exposure parameter values 

14 • The makeup of the waste stream, the format ion of PI Cs, and the modeling of emissions 

15 
16 Each of these sources of uncerta in ty in the exposure assessment is described briefly below. 
17 
18 Contaminant Concentrations in Exposure Media 

19 The uncertainty associated with estimating exposure concentrations in air, so il , surface water, sediment, 
20 and plants is described in Section 6.8 of this RA WP. The HHRA also includes ingestion of animal 
2 1 products (such as beef and eggs). The uptake models used to estimate contaminant concentrations in 
22 anima l products are high ly uncertain. Conservative assumptions used to compensate for this uncertainty 
23 include the assumption that animals feed excl usive ly on contaminated plants and the use of conservat ive 
24 uptake factors , including some mass-limited uptake facto rs. 
25 
26 Land-Use Assumptions 

27 Land use can change at any time; therefore , even defining current land use (i .e. , during WTP operations) 
28 has some uncertainty associated with it, and defining future land use (i.e., after WTP shutdown) has even 
29 greater uncertainty. To compensate for this uncertainty, receptors are assumed to be present at the 
30 locations of maximum concentration regardless of actual land use at those locations and as determined by 
31 combining air model concentration and deposition rates according to Section 6.1. For example, a current 
32 residentia l scenario wil I be evaluated at the Hanford offsite location regardless of whether or not this 
33 location is presently in residential use or coincides with an air model grid point. 
34 
35 Selection of Representative Receptor Populations and Exposure Parameter Values 

36 Every individual is unique, with different activ ity patterns (e.g., amount oftime spent at home or work) 
37 and different phys iolog ic characteristics (e.g., body weight) . Therefore, modeling broad categories of 
38 receptors ( e.g., resident) introduces uncertainty because ( 1) a I imited number of general receptor 
39 categories are evaluated, and (2) exposure parameters are ass igned within each receptor category to 
40 represent the activity patterns and phys iologic characteristics of that receptor type. To compensate for 
41 this uncertainty, receptor types representing the highest potential for exposure are evaluated in the risk 
42 assessment, and these receptors are modeled using upper-bound assumptions to describe their activity 
43 patterns. For example, evaluation of a resident who is assumed to be at home 24 hours per day, 350 days 
44 per year at the point of maximum contaminant concentration will overestimate the risk to many other 
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I receptor types not included in the quantitative risk assessment, such as a school child at the same location 
2 who may be at school 8 hours per day, 180 days per year. 
3 
4 While exposure assumptions used in the HHRA are designed to overestimate risk, some assumptions 
5 could underestimate the risk because of an individual having higher exposure than accounted for in the 
6 exposure assessment, or exposures via pathways (such as dermal) that have been identified by EPA in 
7 numerous risk assessments as being insignificant contributors to risk from thermal treatment faci lities. 
8 
9 Makeup of the Waste, Formation of PI Cs and Modeling of Emissions 

l 0 The Hanford tank waste is composed of several hundred organic and inorganic compounds including 
11 radionuclides. The tank chemistry is complex and varies from tank to tank. There are a number of 
12 technical challenges that complicate or interfere with getti ng a representative sample and analyzing that 
13 sample accurately. As such, there are uncertainties with assumed waste composition and properties. 
14 Likewise, the thermal processes within the WTP (e.g., the LAW and HLW melters and thermal catalytic 
15 oxidation unit) that produce products of incomplete combustion are complex reactions that are influenced 
16 by such variables as temperature, catalytic effects, organic precursors, and residence time. It is difficult to 
17 predict the types and concentrations of PICs produced by the varying feed streams that wil l be processed 
18 by the WTP. As such, the emissions modeling that has been performed in support of risk assessment 
19 carries uncertainties with regard to feed assumptions, PIC generation, in addition to equipment 
20 performance, and contaminant behavior. The use of conservative assumptions relating to these and other 
2 1 emissions related parameters are intended to overestimate the likely emiss ions from the WTP and 
22 compensate for the uncertainties with the feed and PIC formation mechanisms. 
23 
24 7.5.2 Uncertainty in Toxicity Assessment 

25 Sources of uncertainty in the toxicity assessment include uncertainties surrounding the following: 
26 
27 • Toxicity values (RjDs and R/Cs, CSFs and URF) 

28 • Cancer weight-of-evidence classifications 

29 • Toxicity value data gaps 

30 • Route-to-route extrapolations 

31 
32 Each of these sources of uncertainty in the toxicity assessment is described briefly below. 
33 
34 Toxicity Values 

35 Because most of the toxicity values (RjDs and R/Cs, CSFs and URFs) are based on laboratory exposures 
36 of animals, actual effects of environmental exposures to humans is unknown. Therefore, EPA-derived 
37 toxicity values are designed to provide an upper-bound estimate of risk (e.g., by incorporating numerous 
38 uncertainty factors). However, previous or concurrent exposures from sources other than the WTP are 
39 not con idered in the EPA toxicity va lues for most chemicals. For example, all humans have been 
40 exposed to dioxins and PCBs and have some body burden associated with them. The additional 
41 exposures and their potential to increase body burdens of these chemicals due to the plant emissions are 
42 evaluated independent of existing risks, or as an incremental increase. It is not known how much such 
43 incremental exposures actually affect an individual's potential to suffer adverse effects from these 
44 exposures. This is regarded as a nonconservative uncertainty in the overall risk assessment. 
45 
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Uncertainty in the cancer weight-of-evidence c lassification wi ll be considered in the HHRA by evaluating 
all C lass A (human carcinogen) , C lass B (probabl e human carci nogen), and Class C (possible human 
carcinogen) chemicals as carcinogens. 

Toxicity Value Data Gaps 

The lack of tox ici ty data for some CO PCs wil I contribute to an underestimation of risk if these chemica ls 
are present in the emissions and are toxic to humans at the concentration emitted. 

Route-To-Route Extrapolations 

Uncerta inties are assoc iated w ith the estimation of dennal tox ic ity values from oral values. In addition, to 
address the toxici ty va lue data gap issue, further assessment of constituent inhalation ri sk may be 
perfo rmed if oral toxicity values are avai lable. If no URF or RJC are ava ilable, they can be derived fro m 
the CSF;11h or RjD;111, (respective ly) using the conversion in WAC l 73 -340-708(7)b, which directs the ri sk 
assessor to take into account, where available, the respiratory deposition and absorption characteristics of 
the gases and inha led parti c les. 

7.5.3 Uncertainty in Risk Characterization 

The risk characteri zation combines the results of the exposure assessment and toxic ity assessment; 
therefore, a ll of the uncerta in ty in these two steps, as well as the steps pri or to the exposure assessment 
(e.g., fate and transport mode ling) , contributes to the uncertainty in the ri sk characterization. Additional 
uncertainty in the risk characteri zation step surrounds the practice of summing cancer ri sks and noncancer 
hazard resul ts across a ll chemicals and exposure pathways, regardless of the mode of action, as described 
be low. 

The assumpti on of strict additi vity of chemical carc inogens that w ill be used in the SLRA assumes that 
(1) intakes of individua l chemicals are small , and (2) there is no interaction among chemicals (i.e., no 
synergism or antagonism) . The assumption of strict additi vity of cancer ri sk from radionuclides is much 
less uncerta in than fo r chemica ls because the mode of acti on is the same fo r all radionuc lides. 

Multiple chemical exposures to noncarcinogens can result in synergism, antagoni sm, and/or additi vity of 
bio logical responses when the chemicals act on similar target organs, or when the chemi cals are 
metabolized by the same enzymatic pathways. The assumption of additivity w ill be used in the SLRA 
and is like ly to overestimate the true human health hazards assoc iated with exposure to the COPCs, since 
many chemicals may act on diffe rent target organs. 

In addition to multiple chemicals, receptors may be exposed through more than one pathway. As the 
EPA (1 989) notes: 

There are two steps required to determ ine whether risks o r hazard indices fo r two or more 
pathways should be combined fo r a s ingle exposed indi vidua l or group of individuals. 
The firs t is to identify reasonable exposure pathway combinations. T he second is to 
examine whether it is likely that the same individuals would consistently face the 
"reasonable maximum exposure" fo r more than one pathway. 

To maintain the conservative bias of the risk assessment, it is assumed that each receptor is exposed to all 
COPCs and ROPCs by a ll pathways. 
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2 7.5.4 Summary of Uncertainty 

3 Human health risk assessment is a multi-step process and uncertainty is introduced at all steps of the 
4 process, including COPC and ROPC selection, estimating emission rates, environmental modeling, 
5 exposure assessment, toxicity assessment, and risk characterization. Whenever possible, conservative 
6 assumptions are used to compensate for uncertainties so that the final estimate of risk represents an 
7 overestimate, rather than an underestimate, of risk to actual receptor populations. 
8 
9 As described in Section 10 of this RA WP, an uncertainty assessment will be included in the SLRA to 

10 evaluate the contributors to, and potential impact of, uncertainty in the risk assessment. The purpose of 
11 the uncertainty assessment is to identify and discuss areas of uncertainty associated with the quantitative 
12 estimates of risk for the WTP. This discussion serves to place the risk estimates in proper perspective to 
13 allow fully informed risk management decisions. 
14 
15 7.6 Summary for Human Health Risk Assessment 

16 Risks and hazards to human health from the potential emission of CO PCs and RO PCs result from 
17 (1) exposure to the COPC or ROPC, and (2) the toxicity of the COPC or ROPC. The screening HHRA 
18 utilizes estimated emission rates (Section 5) and results of the fate and transport modeling (Section 6) to 
19 calculate potential human exposure to COPCs and ROPCs. This exposure information is combined with 
20 toxicity data to estimate the potential for adverse effects to human populations in the vicinity of the WTP. 
21 
22 The PRA will use conservative exposure assumptions to compensate for the high level of uncertainty 
23 associated with conducting a risk assessment for a facility that is still in the design phase. The PRA will 
24 include a qualitative uncertainty analysis. 
25 
26 The COPCs or ROPCs that exceed risk goals in the PRA will be revisited to determine whether 
27 unrealistic parameters were assigned to them in the PRA. If the analysis conducted in the PRA is 
28 considered reasonable, it may be necessary to alter operational characteristics of the WTP in order to 
29 reduce emissions to be within acceptable risk limits. 
30 
31 The FRA will include estimated emissions based on engineering calculations (e.g., PT Faci lity system 
32 emissions and vapor-phase organic emissions from WTP process cells) and environmental performance 
33 demonstration tests for the LAW and HL W vitrification systems. Based on the results of the 
34 environmental performance demonstration tests, the FRA may involve running new models, modeling 
35 additional chemicals, or changing model parameters . Information that will require updating in the FRA, 
36 as specified in the WTP DWP (WA 7890008967), will include: 
37 
38 • Toxicity data current at the time of the submittal 

39 • Compounds newly identified, or updated emissions data from current waste characterization and 
40 emission testing 

41 • Air modeling updated to include stack gas parameters based on most current emissions testing 
42 and current WTP unit design 

43 • Physical/transport properties of constituents current at the time of the submittal 

44 • Process description based on current WTP unit design 

45 • Emissions data and all supporting calculations based on current WTP unit design 
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